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PRIZE-WINNING MOVIE 
SHOWS HOW TO MAKE 


INE PASTURE ACRE EQUAL FOUR 


One pasture acre—renovated, fertilized, and sown to improved 
forage varieties—can produce as much meat and milk as four 
acres did before. This prize-winning Case educational motion 
picture and companion take-home booklet show how to do it 
with ordinary farm equipment. 


FILM AND TAKE-HOME BOOKLETS 
AVAILABLE WITHOUT CHARGE 


TEACHING AIDS As a contribution to a more 


prosperous and enduring agriculture, the J. I. 
Case Company has prepared more than sixty 
educational, non-advertising movies, slide 
films, booklets, posters, study outlines, etc. 
Freely available to farm and civic clubs, in- 
structors, county agents, etc., films are loaned 
and printed matter furnished without charge. 
Ask your Case dealer or branch for the latest 
visual aids catalog which describes each and 
tells how to order. Always order enough book- 
lets so that each member of the audience may 
take one home. J. I. Case Co., Racine, Wis, 
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Jobs Can't Afford 
to Be Kept Idle by 


Needless Down-Time 
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Why Not Give YOUR Truck a fapatg 
MECHANICS Advantages? OR TRACTOR TOWING — 


Fhoto Courtesy M-R-S Co. 
MECHANICS Roller Bearing UNI- balance. Let MECHANICS engineers 
VERSAL JOINTS will give your trucks give your trucks or other heavy- 
more road time and less shop time duty machines these competitive 
because MECHANICS JOINTS are advantages. 
specially designed with less parts 
and connections — for easy assembly 
and servicing — smooth running balance MECHANICS 
— maximum strength with less weight — UNIVERSAL JOINT 
and long, trouble-free, safe operation. DIVISION 
Either the joints or brake drum can 


Borg-Warner 
be serviced independently without 


disturbing other attachments or alter- 2046 Harrison Ave. 
ing original drum or propeller shaft Rockford, Ill. > i > 78 
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Aircraft + Tanks * Busses and In industrial Equip ment 
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op efficiency demands 
“total engineering” 
of screw conveyors 


LINK-BELT integrates all 
components to give you the 
right screw conveyor for 
your machines 


Whether your screw conveying problem 
is conveying, elevating, feeding, mixing, 
blending or spreading, you'll find the 
right answer at Link-Belt. 

Link-Belt Screw Conveyor components 
are “totally engineered.” That means your 
design needs are analyzed—every compo- 
nent is matched to the exact requirements 
of your machine. And Link-Belt Screw 
Conveyors are accurately made to insure 


easy assembly, smooth and continuous 
operation. 


Your Link-Belt representative can give 
you full information on the extensive line 
of Link-Belt Screw Conveyor components. 
Compare this complete choice of quality 
products with any other... 
choose Link-Belt every time. 


LINK{©}BELT 


SCREW CONVEYORS 


LINK-BELT COMPANY: Plants: Chicago, Indian- 
apolis, Philadelphia, Colmar, Pa., Atlanta, 
Houston, Minneapolis, San Francisco, Los 
Angeles, Seattle; Scarboro, Toronto and EI- 
mira, Ont. (Canada); Springs (South Africa); 
Svdney (Australia). Sales Offices in Principal 
Cities. 13,163-A 


and you'll 


Recognized for high quality preparation at big capacity, Letz Model 220 X feed 
mills granulate, crack or pulverize a wide variety of feeds. Positive Link-Belt Screw 
Conveyors are employed to elevate the full grinder output with minimum power 
consumption. Positive PTO drive through Link-Belt Roller Chain increases grinder 
capacity, makes possible “ONE-MAN” operation. 
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LINK-BELT builds augers 
and screw conveyors 
for farm machinery 

of all types 


Feed grinders 
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Cut hose to 
length with hacksaw; 
screw into socket. 


Lak, 


ke Your Own Hos 
AEROQUIP HOSE anp FITTINGS 


are MATCHED ror 


GUARANTEED PERFORMANCE 


i” 


TORY 


Oil nipple and inside 
of hose liberally. 


al 


FOOL 


AEROQUIP CORPORATION, 


SALES OFFICES: Burbank, Calif. ¢ Dayton, Ohio e Hagerstown, Md. e High Point, 
N. C. e Miami Springs, Fla. ¢ Minneapolis, Minn. ¢ Portland, Ore. e Wichita, Kan. 


AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 


@ No skill or special training is required to 


assemble Aeroquip Flexible Hose Lines by hand 
in a matter of minutes! YOU CUT COSTS because 
Aeroquip fittings are detachable and may be 
used again and again. YOU REDUCE INVEN- 
TORY because with Aeroquip bulk hose and a 
few fittings you can fill practically all your hose 
line requirements. YOU REDUCE DOWNTIME 
because with Aeroquip on hand, quick hose line 
replacements are available at all times. 


Screw nipple into 


Install fitting on other end; 
socket and hose. 


hose line is ready for use. 


5 


JACKSON, MICHIGAN 


IN CANADA: Prenco Progress and Engineering Corporation Ltd., Toronto 
IN ENGLAND: Super Oi! Seals & Gaskets, Ltd., Birmingham 
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You gain parts economy and nereased customer 
satisfaction when you equip your farm machinery 
with Morse Double Piteh Chains 


DESIGN, ECONOMY FACTORS 
You cut problems raised by gradual piteh elonga- 
tion to a new low with these tough, precision-built, 
steel chains. Your customers will weleome freedom 
from maintenance cost, time loss and annoyance 


“Morse Double Piteh Chains come in two series, 
Power Transmission and Conveyor. Both series are 
adaptable to a maximum range of applications, ean 
be used with standard and special attachments 
Double Pitch Chains are ideally suited for applica- 
tions where rotative speeds are low and the power 
to be transmitted is within the capacity of a single 
strand chain. In comparison with standard roller 
chains, they weigh less, cost less; with proper care, 
they provide the same long life. Parallel strands 
wear evenly—a particular advantage for conveying 
work, 

STAMINA FACTORS 
Morse Double Pitch Chains will wear longer, give 
more satisfactory all-round performance, help re 
duce downtime. Here are a few reasons: 


1. PINS. Heat-treated special high-nickel. fine 


M-:PT 


MORSE 

‘mecesees 

POWER 
TRANSMISSION 


EXCEPTIONAL 
ENGINEERING 
SERVICE 
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wick refresher facts 


ON MORSE DOUBLE PITCH 


EXCEPTIONAL 
PRODUCT ( 
QUALITY 
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Morse Double Pitch 


: | 
Power Transmission 


: 
heal 


Morse Double Pitch Stand- 
ard Chain—with attach- 
ments. Available with bent 
or straight attachment 
plates, one or two attach- 
mert holes, stondord or 
large rollers. Pitch sizes 
from 1” to 244”. 


CHAINS 


grain alloy steel pins have extremely hard case for 
wear resistance, tough inner core for high strength. 


2. PIN LINKS. In Morse Double Pitch Chains, 
heavy press fit holds pins immobile in’ pin link 
plates. Accuracy of assembly and close fit tolerance 
of pin and plate components assure proper clear- 
ances between pins and bushings. 


3. BUSHINGS. Morse bushings are case hardened 
and heat treated for maximum wear. Smooth inner 
bearing surfaces and true roundness help eliminate 
pin scoring, inerease joint life, reduce elongation. 


1. ROLLERS. Rollers, processed from special 
alloy steel. are shot-peened for maximum wear and 
resistance to shock. 


+». LINK PLATES. Morse link plates are 
specially treated to obtain) maximum. structural 
strength and maximum endurance qualities neces- 
sary in highly stressed tension parts. 


If you'd like sound, effective engineering help on 
drive design, attachment selection, or any related 
mechanical-power-transmission problem that’s 
bothering you, let us put you in touch with one of 
our skilled Morse Men. Or, write for Catalog 
(52-52. MORSE CHAIN COMPANY, Dept. 561, 
7001 Central Ave., Detroit 10, Michigan. 


= 


MECHANICAL 


POWER TRANSMISSION 
PRODUCTS 
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HY-LOAD 


High-capacity, cylindrical roller 
bearings for heaviest radial loads 
and light or intermittent thrust 
loads. Produced in 3 diameter 
series, 2 widths and more than 
800 sizes. 


WOUND 
ROLLER 


This is a three-part 
separable bearing 
available in various 
width classifications. 
The roller construc- 
tion provides 
maximum resistance 
to shock, abrasion 
and fatigue. 


INDUSTRIAL INCH 


Designed for slow-moving, 
heavily loaded machinery where 
large-diameter shafts are the rule. 
Accordingly, it is available in 
fractional-size bores for shafts 
from 4” in diameter upwards. 


BARREL 


A series of angular-contact, 
self-aligning bearings 
capable of sustaining both 
adial and thrust loads. 
Race and roller curvatures 
insure ideal distribution of 
load, not only for normal 
operation but also for 
conditions of misalignment. 


TRUNNIONED 
ROLLER 


Ideal for industrial trucks, 
textile machinery, gear pumps, 
conveyors, hoists and agricultural 
equipment. Rollers have 
trunnioned ends which fit into 
holes in the end rings. End 


DESIGNED 
rings are located and held 


FOR ‘i a ae ee ee : parallel by spacing bars which 
HEAVY also guide and retain rollers. 


DUTY... 


ROLLER BEARINGS 


e---and there’s a type and size for every need 


Ser 


Hyatt’s complete line of radial and angular- The next time you buy new equipment, or make 
contact bearings—more than S00 sizes in the a changeover, specify lower maintenance costs 
Hy-Load series alone—makes the engineers’ job by specifying Hyatt Bearings! Ard if you need 
easier, because it makes possible greater design technical help in your selection of bearings, or 
flexibility. For the equipment buyer, this means desire information about particular bearings or 
longer bearing life and lower maintenance costs their applications, ask for the services of a Hyatt 
—with just the right bearings designed into sales-engineer. Call or write Hyatt Bearings 
every vital load-carrying position. Division, General Motors Corp., Harrison, N. J. 


HYATT BEARINGS DIVISION e GENERAL MOTORS CORPORATION 
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ENGINEERS AND 


All machinery made by man requires servicing 
at times. Every manufacturer has two responsi- 
bilities: First, to build his equipment in a way 
that will require the least amount of servicing. 
Second, to see to it that servicing, when needed, 
is handled with speed, efficiency and low cost. 

Vickers hydraulic equipment is built to keep 
service requirements to an irreducible mini- 
mum. But when service is required, it is handled 
by Field Service Specialists working out of 
Vickers offices from coast to coast. These men 
have been carefully trained in Vickers plants 
and are thoroughly competent. They know how 
to adjust and maintain any piece of Vickers 
equipment ... any combination of components, 
They are also qualified to instruct customers’ 


service organizations in improving their hy- 


BUILDERS 
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Factory Trained 


Field Service 


Specialists 


draulic maintenance practices. These men 
devote their full time to servicing Vickers 
products in customers’ plants. They do their 
job well and at minimum expense. 

This is only one of many benefits you receive 
when you specify Vickers Hydraulics, 


VICKERS 


Incorporated 


DIVISION OF THE SPERRY CORPORATION 


1516 OAKMAN BLVD. e DETROIT 32, MICH. 


Application Engineering Offices: ATLANTA « CHICAGO 
(Metropolitan) . CINCINNATI . CLEVELAND 
DETROIT « HOUSTON ¢ LOS ANGEL US (Metropolitan) 
NEW YORK (Metropolitan) « ODESSA e¢ PHELADELPIIEA 
(Metropolitan) ¢ PIPTSBURGILe ROCHESTER ¢ ROCKFORD 
SEATTLE e TULSA e WASHINGTON ¢& WORCESTER 


OF O1L HYDRAULIC EQUIPMENT SINCE 1921 


From Coast to Coast 
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Where to find 
future 
dairy profits 


Farmers will find steady dairy profits in the gleaming, 
easy-to-clean surface of Armco Stainless Steel. 


Stainless Steel is rustless all the way through, with 
no surface plating to wear off or peel and catch bac- 
teria. So stainless steel milker pails, tanks, strainers 
and other equipment in dairy barns make it easy 
for farmers to meet highest sanitary regulations. This 
brings top prices for milk. 


Because stainless steel never needs replating or main- 
tenance other than simple cleaning, it costs much less 
in the long run. It will still be good as new long after 
equipment made of other materials has to be replaced. 


Armco Stainless Steel is one of many Armco Special- 
Purpose Steels designed especially to give longer, better 
service. Look for the Armco triangle trademark. It is 
your assurance of top metal quality. 


i 


ARMCO STEEL CORPORATION RMCY 


MIDDLETOWN, OHIO 


800 


o 


THE ARMCO INTERNATIONAL CORPORATION WORLD-WIDE 
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“a oil-impregnated bronze 


ball ‘separator maintains perfect conce - 
tricity—eliminates eccentric. thrust, exces 
sive wear—assures the plus smoothness, 
quietness end endurance ot bronze-to-steel 
‘contact. = o 
*: ‘Large, laslary-pocked grease re 
: _ervoir assures li lifetime lubrication—no | need 


el 


free | race, forming leak-proof joint. rece 
cant can’t escape to clutch facings, nev or 
needs replenishment. 


. re. races” fo "wear 


Standard ond Specicl Ball Thrust 
Bearings @ Angular Contact Boll 
Bearings @ Special Roller Bearings 
@ Ball Retainers @ Hardened and 
Ground Washers @ Sleeves @ Bush- 
ings @ Miscellaneous Precision Parts. 
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In 1953, as in the past 19 years more of the nation’s 
mobile vehicles will be equipped with the Aetna T-Type 
clutch release bearing than with any other type. Its 
unrivaled service life has always made it the most 
economical in the long run. Once installed it is trouble- 
free, attention-free for vehicle life. Thanks to its 
design and lubricant capacity there’s no need of costly 
machining operations for oil lines or grease fittings— 
no need for further maintenance whatsoever. Think 
what thatsaves inmanand machine hours on the assembly 
line, in saving up-keep costs for the vehicle owner. 


It’s a trusty sign of dependability and economical 
performance in any vehicle—the famous Aetna ‘T-Type 
bearing. Investigate. Find out the many other sound 
reasons it deserves a place in your specifications. 


AETNA BALL AND ROLLER BEARING COMPANY 
4600 Schubert Avenue . Chicago 39, Illinois 
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A BETTER Motor (il 
had to be 


Why the best oil 
Mother Nature could offer 
had to be MADE BETTER 


Ti. need for a motor oil better than the best nature 
could offer came with today’s high-speed, super-powered 


The BEST OIL is MADE 
-..-not BORN 


You can see the difference Havoline’s Bal- 
anced-Additive formula makes in engine wear. 


Note the “soup bowl” worn in valve lifter “A” 
after only 100 hours’ operction with a good 
engines, non-additive oil. Note the like-new condition of 
valve lifter “B” after 500 hours with Advanced 
Custom-Made Havoline. 


Tests of conventional oil with these modern power 
plants revealed wear so great it could be seen with the 
unaided eye — a better motor oil had to be built. And 
Texaco built it — the greatest oil ever available to motor 
owners — Advanced Custom-Made Havoline. 

In formulating it, we first made the best oil superior refining could 
produce. Then — by a Balanced-Additive formula — made it better, 
built a motor oil so advanced in anti-wear qualities that it actually 
wear-proofs engines. It keeps engines clean, protects against sludge, 
rust and bearing-eating acids. 

Give your car, truck, tractor and Diesel engines the greater protec- 
tion of Advanced Custom-Made Havoline. Get Havoline from your 
Texaco Man or your nearby Texaco Dealer. 


IT PAYS TO FARM WITH 


TEXACO PRODUCTS 


DIVISION OFFICES: Aclanca 1, Ga.; Boston 17, Mass.; Buffalo 3, N. Y.; Butte, Mont.; Chicago 4, IL; 
Dallas 2, Tex.; Denver 5, Colo; Houston 1, Tex.; Indianapolis 1, Ind.; Los Angeles 15, Calif.; 
Minneapolis 3, Minn.; New Orleans | 2, La.. New York 17, N. Y.; Norfolk 1, Va.; Seattle 11, Wash. 


Texaco Petroleum Products are Manufactured and Distributed in Canada by McCol!-Frontenac Oil Company Limited. - 


TUNE IN... Metropolitan Opera broadcasts every Saturday afternoon beginning December 5. See newspaper for time and station, 
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Need low cost, quick assembly, long bearing life? 


here’s how manufacturers of automotive components 


get them with NEEDLE BEARINGS 


Low initial cost and ease of installation are two 
important reasons why leading manufacturers of 
major automotive components use Torrington 
Needle Bearings. 

Trouble-free performance in millions of 


transmissions, universal joints, clutches, steering NTE Pye He eas 
gears, governors, carburetors, generators, etc., waredose RK 5 
has proved the Needle Bearing’s ability to handle 05 ks scan jn SS x 
heavy radial loads. Standardization on Needle a b! Aap me ste f ~~ 
Bearings by the industry has meant safer, more cm TF) } 
comfortable driving—smoother, easier handling f 
for America’s cars. | fi, CH 
Needle Bearings have been adopted as “standard { f (dls iy) 
equipment” throughout industry since their | Y/ i 
introduction nearly twenty years ago. They are the { Paieet e I} we ‘ 
solution to anti-friction problems wherever high Wem mewn. i/ =-7 ( 
capacity, small size and easy installation an {fA PO ts a “ 


are important. 
Why not discover how Needle Bearings can improve 
the performance of your products? 


THE TORRINGTON COMPANY 


Torrington, Conn. + South Bend 21, Ind. 


Illustrative material 
based on National 
Standard Parts Associa- 
tion chart. 


Needle e Spherical Roller e Cylindrical Roller e Tapered Roller e Ball e Needle Rollers 


Trade marks of some of the leading automotive component manufacturers whose products enjoy the benefits of Needle Bearings. 


+ STEWART- WARNER 
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ee ‘JOHN Dr 
et: SOU\* \ THESE HUSKIES ARE MEAVY- Dupe 
| EQUIPPED WITH [2°85 3% 
DURKEE-ATWOOD /)) 
V-BELTS 


Proved in field service on the famous John Durkee-Atwood V-Belts are meeting the exact- 
Deere Model ‘‘B’”’ and ‘“‘A”’ tractors, Durkee- ing demands of John Deere Tractor engineers. 
Atwood V-Belts are factory equipment on their As a component of the new ‘‘50”’ and ‘‘60,” 
successors, the John Deere heavy-duty 2-plow they are contributing to their outstanding per- 
“50” and heavy-duty 3-plow “60.” formance, dependability and efficiency. 


STRAIGHT SIDEWALLS 
MAINTAIN FULL 
GROOVE CONTACT 


Durkee-Atwood V-Belts are 
manufactured with straight 
sidewalls to maintain full 
groove contact at all times 
giving positive drive action. 
Straight sidewalls reduce 
slippage and assure smooth, 
efficient power transmission. 
The load is distributed evenly 
over the entire thickness of 
the belt giving it longer life. 


DU PONT "'CORDURA" 
RAYON CORDS ARE 
USED FOR D-A V-BELTS 


Cords of high-tenacity "Cor- 
dura"® Rayon give Durkee- 
Atwood V-Belts longer life, 
less stretch, and greater 
shock resistance. Use of this 
revolutionary new cord ma- 
terial is a noteworthy contri- 
bution to their improved per- 
formance. 


DURKEE-ATWOOD CO. 


Suppliers of original equipment V-Belts for major manufacturers of : 


TRACTORS @ COMBINES © MOWERS © HAY RACKS © FORAGE HARVESTERS 


form No, 357 CORN PICKERS © WINDROWERS © CHOPPERS © COTTON PICKERS 
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These rugged, precision-engineered Clark 
transmissions and drive units have the faculty 
for making powered farm machinery bet- 
ter... adding materially to its utility, 
ease of operation, dependable perfor- 
mance and useful life. Perhaps that's 

why so many manufacturers have 

long since learned that “it's good 


business to do business with CLARK.” 


CLARK EQUIPMENT COMPANY Buchanan, Michigan 


Other Plants: BENTON HARBOR « BATTLE CREEK AND JACKSON, MICHIGAN 


PRODUCTS OF CLARK — TRANSMISSIONS « AXLE HOUSINGS « TRACTOR UNITS « FORK TRUCKS and 
TOWING TRACTORS » ROSS CARRIERS « POWRWORKER HAND TRUCKS « POWER SHOVELS 
ELECTRIC STEEL CASTINGS « GEARS and FORGINGS « FRONT and REAR AXLES for TRUCKS and BUSES 
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A day’s work in a farm vehicle over rolling, rough 
terrain can place quite a strain on the body. 

The jolts and jars that cause body fatigue are 
needless. U.S. Koylon Foam Cushioning on 


e * 
tractor, reaper, truck seats helps cushion against Cll S h i 0 fl i fl | 
them. It gives full uniform resilience, actually 2 


puts a shock-absorbing barrier of pure latex filled 

with millions of tiny air bubbles between the 

individual and his vehicle. The buoyant, bracing 

comfort of U.S. Koylon Foam Cushioning is 

day-long protection against tiring farm work... 

write to the address below for complete U.S. Keylon Foam 

‘ ; for the home... the 
information today. 


comfort and relaxation 
ie a of smart furniture 
Fé cushioned with U. S. 

. me ‘ / @eagy : a Koylon Foam Cushioning. : 
U My | ; rN ( P * / O ] é is a welcome feeling... t 
/aiJTef ’ N ; vy = a long term investment _ , 

(R) r — ul 

D [eee 

7 7. \ 


/ ™ , for the home. 
G2 roAM 


aed Abhtonth. 


fb) 


© UNITED STATES RUBBER COMPANY + ROCKEFELLER CENTER + NEW YORK 
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@ United States Steel Corporation pro- 
duces high-quality U-S:‘S Galvanized 
Sheets and Structural Steel which our 
customers manufacture into durable farm 
buildings. We are pleased to offer you, 
free of charge, this interesting, informative 
booklet which contains up-to-date an- 
swers to many of your questions concern- 
ing steel farm buildings. You can obtain a 
copy of this booklet by simply filling in 
and mailing the coupon below. 


STEEL BUILDINGS FOR PRACTICAL FARMERS 


There are many points to consider when invest- 
ing in a farm building. Is it properly designed for 
your use? Is it easy to erect? Is it fire-resist- 
ant? Will it save time and labor? Is maintenance 
low? Will it contribute to the beauty and 
value of your farm? 


| 
| 
| 
| 
| 
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This booklet, designed to help you make your 


farm a more efficient, profitable and satisfactory 
operation, answers these questions and many 
more. It explains the many advantages of fac- 
tory-made steel buildings and illustrates how 
they can be used for improved farm operations. 


a ee ee 


Agricultural Extension Section 

United States Steel Corporation 
Room 2819-S, 525 William Penn Place 
Pittsburgh 30, Pa. 


Please send me, free of charge, “Steel Buildings For 
Practical Farmers.” 


Name 
ne ree ‘Town 
County . ee TER State 
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for Farm Tractors 


Bendix brakes for farm tractors are specifically 
engineered for the hard going of field and road work. 
Tractor manufacturers—as well as automobile and 
truck manufacturers—look to Bendix as braking head- 
quarters for their industry. 

Backed by matchless research and manufacturing 
facilities, Bendix* farm tractor brakes combine heavy- 
duty performance with extreme dependability—and at 


The Bendix heavy-duty farm tractor brake 


has powerful and positive holding action in : ae 
both forward and reverse. Rugged design "hte lowest possible cost. Let Bendix farm tractor brake 


assures uniform performance day after day, engineers help you solve your brake problems. 
under the most severe field and road work. Write for complete information, *REG. U.S. PAT. OFF. 


PRODUCTS Al Bendix 


D I vi S I Oo N , AVIATION CORPORATION 


EXPORT SALES: 
Bendix International Division, 205 East 42nd St., New York 17, N.Y. * Canadian Sales: Bendix-Eclipse of Canada, Ltd., Windsor, Ontario, Canada 
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this can 
your answer! 


SU 


If you need a joint that’s compact and sturdy— for transmitting a rated 
3300 torque inch pounds* — this new needle-bearing Series L12N is 
precisely your answer! 


You can order joints only — with standard or slip-type hubs — for 
round or square shafts. Or you can get complete assemblies similar to 
other Blood Brothers’ catalog models. Swing diameter is only 27%”... 
the L12N easily clears a 3” space. Joints are available either rile pre- 


packed or with lubrication fittings. 


Tough, accurate forgings plus rigid standards of ~orkmanship assure 
excellent performance and long life. 


Why not get these advantages for the products you build? Investigate 
the top-quality, competitively-priced Series LIZN — today! 


*For rule-of-thumb estimates, figure approximately 5 HP per 100 RPM, 


For torque loads common on: 


FARM 
IMPLEMENTS 


Mowers, corn pickers, 
aga small combines, 


windrowers, etc. 


CONSTRUCTION 
MACHINES 


Road graders, heavy 
dump bodies, etc. 


SMALL 
INDUSTRIAL 
TRUCKS 


—and other applica- 


BLOOD BROTHERS machine division 


Rockwell Spring and Axle Cc mpany 


~V 


ALLEGAN, MICHIGAN 
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JOUNS MANVILLE 
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ASBESTOS SIDING? 


Johns-Manville 


SMOOTHGRAIN 


Viewed from any angle, Smoothgrain has a rich, grained 
texture, yet its surface is smooth and resistant to soiling. 
Colors are beautifully styled in deep autumn shades or 
smart springtime pastels. The pleasing grained texture 
and lasting colors are achieved by colored ceramic 
granules deeply embedded in the asbestos cement siding. 


Outstanding Quality . . . 


The J-M manufacturing process gives Smoothgrain 
Siding dimensional stabiltty—resistance to shrinking — 
tight joints that won't open up later on. Furthermore, the 
built-in texture is so striking, that you can hardly see 
face nails and vertical joints. 


Best Known Nome .. . 


The Johns-Manville name has been the standard of qual- 
ity for 95 years. Color ads in national magazines and the 
Bill Henry Radio News Program are constantly building 
preference for products which carry the J-M name. 


For full information about Smoothgrain Asbestos 
Siding and other J-M Building products, write 
Johns-Manville, Box 60, New York 16, N. Y. 


¥/Y\ Johns-Manville 
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Grass can keep us all “in clover” 


Next to pasture, a mow full of good hay 
rates first with most farmers. 

Few feeds are as full of nutritive qualities 
as hay. Few feeds are so widely used in ra- 
tions for dairy or beef cattle, hogs, sheep, 
poultry. And hay is one of the most inex- 
pensive sources of minerals and vitamins— 
if its quality is high. 

That’s why grassland farming has done 
and can do so much to help farmers faced 
with growing labor and feed costs. Compared 
with other crops, grass requires much less 
time and effort to bring a valuable return. 
For farmers who take full advantage of the 
latest systems and machines, the returns 
are even more profitable. 

New Holland balers, for example, are de- 
signed to give highest possible capacity. 


New Holland, Pa. - Minneapolis ° 
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Des Moines °* 


The “77” twine-tie and Model “‘80”’ wire- 
tie both can bale up to 10 tons an hour. This 
speed makes it possible to harvest greater 
stands just at the right stage of curing... 
before hay can be weather spoiled by a sud- 
den rain storm or by too many hours in the 
hot sun. It puts better feed in the barn in 
less time and with less trouble. 


Performance of these balers on farms all 
over the country has won New Holland the 
title of ‘First in Grassland Farming.” To- 
day, farmers go to New Holland for the 
balers, forage harvesters, mowers, forage 
blowers and spreader-seeders they know will 
give them greatest returns from their grass- 
land programs. 


The New Holland Machine Company, a 
subsidiary of The Sperry Corporation. 


© New HOLLAND 


“First in Grassland Farming’ 


Kansas City ~* 


Brantford, Ontario 
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 - motion pictures 


available 
- Entertaining, Educational and Non-Commercial. Excellent for Showings to All Age Groups. — 


cryy ; . > 99 ae i mad Bl — 9 

“The American Road Hope of Tomorrow 
One of the outstanding motion pictures of all time A pictorial report of the 4-H Club camp at the 
and certainly the best of its kind ever filmed! nation’s capital, filmed this last summer. It 


shows 4-H Club delegates from every state visit- 
ing historic sites and learning something of the 
inner-workings of our government. It provides 
an inspiring message for farm youths and their 
parents, everywhere. 


As a saga on transportation in America it not 
only traces the development of the automobile — 
but demonstrates the profound influence it has 
had on the way people, especially farm people, 
work and live. 

Available on loan without charge, in 16mm 


“The American Road” will rekindle pleasant sound. All full color. 10 minute newsreel style. 


memories of all but the very young. And for 


young people this motion picture will furnish an How You Can Get Prints —Write direct to the 


entertaining lesson in contemporary history they address below. In requesting prints be sure to state 
will long remember. date you want them to arrive, also name and 


Availabl ith , in 16 address of individual to whom they should be sent. 
vailable on loan without charge in 16mm We would also appreciate knowing the type of 


sound. 43 minutes. Partially color, partially audience and the approximate number you expect 
black and white. to attend. Thanks! 


FORD TRACTOR DIVISION, Ford Motor Company, Birmingham, Michigan 


Sox Sip - 


[ MEANS LESS WORK...MORE INCOME PER ACRE 
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MAGNETIC 
PROPERTIES 


} 


y EROSION AND 
' ABRASION 


What problems face you... .—~ KE 


Ni-Resist provides a ready solution 


because 


No other cast metal offers 
such a unique combination 
of useful engineering properties 


Use Ni-Resist® for a specific need or a combination of re- 
quirements. 

Mechanically Similar to Gray Iron, and resembling aus- 
tenitic stainless steel in many characteristics, Ni-Resist can 
solve these problems at moderate cost... 

Ni-Resist has good resistance to corrosive attacks of acids, 
alkalies and salts. In 5% sulfuric acid, for example, NI- 
RESIST outlasts cast iron 100 to 1. 

Work-Hardening Characteristics combined with thorough 
graphite distribution make NI-RESIST ideal for metal-to- 
metal wear service. 

Ni-Resist of normal hardness machines like 200 BHN gray 
iron and is readily weldable. 

Ni-Resist shows up to 10 times better scaling resistance, and 
up to 12 times better growth resistance than plain iron at 
temperatures up to 150C° F. 

Ni-Resist has high specific electrical resistance (140 micro 
ohms/cm*). 


Thermal Expansion may be controlled from 60% higher 


CONTROLLED 
_ EXPANSION 


HEAT 
RESISTANCE 


ELECTRICAL PROPERTIES 


than that of plain iron to a low approaching that of Invar. 


Several Types of Ni-Resist are available to meet a variety 
of industrial demands. 


At the present time, nickel is available for end uses in de- 
fense and defense supporting industries. The remainder of 
the supply is available for some civilian applications and 
governmental stockpiling. 


SS ee ee eee Sony INET Lstence 
The International Nickel Company, Inc. 
Dept. 20, 67 Wall Street, New York 5, N. Y. AE 12-54 
Please send me booklets entitled, “Engineering Properties 


and Applications of Ni-Resist,” and, “Buyers’ Guide for 
Ni-Resist Castings.” 
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THE INTERNATIONAL NICKEL COMPANY, INC. $2u'",<2% 
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A report to you about men and machines that help maintain International Harvester leadership 


SPREADI 


9 to 8,500 libs. per acre 


Scientifically shaped feed openings 
and metering fingers assure accurate fer- 
tilizer distribution at the selected rate, 
which can be varied in smaller increments 
than heretofore possible. 


The new McCormick® No. 6 fertilizer distributor introduces 
a new and scientifically shaped feed opening. As the 8- 
fingered feed metering wheels revolve, the fingers alter- 
nately reach in and out of the openings to both force and 
control feed flow. This action is assured even when the 
feed regulator slide is nearly closed for distribution of 
almost minutely small quantities, as well as up to 214 
tons per acre. With the No. 6 farmers can now make 
more efficient use of fertilizer dollars by matching dis- 
tribution rate to soil needs more closely. 


For complete description write for new catalog, ““Mc- 
Cormick No. 6 Fertilizer Distributor.” 


Three sizes—8, 10 and 12-foot—have 
hopper capacities of 1,400, 1,750 and 
2,000 pounds of 100 pounds per bushel 
fertilizer. 


Bottom is completely removable (be- 
low) to make thorough cleaning easy, 
thus extending distributor life. 


IH engineering teamwork produced the new McCormick No. 6 fertilizer distributor. TH 
research, engineering and manufacturing men are constantly pooling their time and talent 


to provide equipment that makes work easier and the farmer’s time more productive. 


INTERNATIONAL HARVESTER 


International Harvester products pay for themselves in use—McCormick Farm Equipment and Farmall Tractors . . . Motor Trucks 
... Crawler Tractors and Power Units. . . Refrigerators and Freezers—General Office, Chicago 1, Illinois. 
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An Analysis of Basic Factors Affecting 
Ventilation Equilibrium 


W. J. McGoldrick, Jr. 


ASSOC. MEMBER ASAE 


HIS paper is an analysis of the basic factors affecting 
ventilation equilibrium in a dairy barn or poultry 
house. The analysis was prepared for the purpose of 

simplifying the mathematical approach to ventilation equi- 
librium by solving the equations graphically or with an 
analog computer — in other words, of developing a tool in 
the form of a composite graph or analog computer which 
can be used to work equilibrium problems in dairy barn or 
poultry house ventilation. 

The graphic approach will constitute the first part of the 
paper, the analog computer the second, and a study of ven- 
tilation controls the third. 

All the basic factors affecting equilibrium, such as heat 
and moisture production by the animal, water evaporated 
from floors and gutters, decomposition heat, solar heat, and 
etc., are treated as independent variables. This has been done 
because of the variation in animal size and breed, geograph- 
ical location, and lack of agreement between authorities. 

In working with the graphic analyzer or computer, gen- 
erally all the variables, except two, must be known or as- 


This paper was presented at the annual meeting of the American 
Society of Agricultural Engineers at Pittsburgh, Pa., June, 1953, as 
a contribution of the Farm Structures and Rural Electric Divisions. 

The author — W. J. McGoLprick, Jr. 


is research engineer, 
Minneapolis-Honeywell Regulator Co. 
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sumed. The analyzer or computer is flexible in that any two 
of the variables may be the unknowns. The exception ts 
where the two unknown variables appear in one equation 
and not in the other. 


GRAPHIC SOLUTION TO VENTILATION HEAT AND 
MOISTURE BALANCE FQUATIONS 


This graphic analysis of the equilibrium equations con- 
sists of making a composite graph which includes all the 
factors in the given equation in such an order that one can 
follow the solution of the equation if all but one of the 
basic factors are known. 

The graphic analysis solution ts similar to a nomograph 
in that an equation ts solved by drawing lines from one axis 
to another, but it does not look like a nomograph with its 
skew lines and nonparallel lines. Instead, these scales are all 
linear and curves or straight lines are used as intersection 
points. 

The composite graph (Fig. 1) 1s made by choosing two 
variables in the basic heat balance equations and placing 
them on a graph — one as the abscissa scale and the other as 
a graph line. If these two factors are to be added or sub- 
tracted, the graph lines will be straight and parallel. These 
two independent variables, when combined, will yield a 
third dependent variable which will be the ordinate scale. 
This dependent variable will 
in turn be the ordinate scale 
of an adjoining graph in 
which another variable may 
be added, subtracted, or di- 
vided, which will yield a sec- 
ond dependent variable. Thus, 
additions, subtractions, and 
divisions may be carried out 
across the graph page to form 
a composite graph. 

There are two equations to 
be solved in  animal-shelter 
The heat balance 
equation solution is on the 
left side of the graph and the 
moisture balance solution 1s 
on the right. The heat and 
moisture balance equations 


ventilation. 


Fig. 1 Composite graph for the so- 
lution of heat balance and mots- 
ture balance equations 
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#16 AGRICULTURAL ENGINEERING for December 1953 
were solved for the common factor V (air exchange of the AC (1,—-t,) =heat loss through the walls of the barn 
building), and the two equations and graphs were placed 
: ; V/53 (t,—t,) =heat removed by air exchange. 

back to back with V as the common ordinate scale, so that 153 ( ) ) & 
upon completion of the solution to one equation one would Moisture Balance Equation 
be able to pass into the other equation for solution. 

A simpler explanation of the composite graph ts to say Ml I V(w,—w.) 6 2 oe ay 


that it is made up of many individual graphs placed in such 
a manner that one can go from one graph to the next, and in 
doing so complete the solution to the equation. 


The graphic solution for a dairy barn is on a per cow {= Btu of sensible heat produced by a cow in one hour 
basis and is shown in Fig. 2. The poultry house graphic 


where W’ + W” is the water vapor generated in the structure, 


and V(w,— w.,) is the water vapor remo ed by air exchange*. 


solution is shown in Fig. 3 and is on a 50-bird-per-unit W’’ = pounds of water vapor evaporated from floors and 
basis. In both diagrams there 1s an inset in the upper right- gutters per hour per cow 
hand corner showing an example problem. hy, —heat of vaporization 


yf) A wiw 3 é pil, o . 7 rte 
Graphic Analysis of Dairy Barn Ventilation A ~ arca of wall surface exposure per cow in ft? 


This analysis of dairy barn ventilation consists of a. ; 
C— weighted average of conductance of exposed wall in Btu 
graphic solution of the heat and moisture balance equations 


; ser hr per 1 deg F per ft? 
such that the volume factor (V) in cfh is common to both I I Br} 
solutions. /, inside temperature in deg F 


It is not correct to assume that the volume in cfm of air 


i 2 2 ye 2 so F 
discharged is the same as that volume brought into the +, = outside temperature in deg t 


building, but the error involved in doing so ts not significant [Y= ventilation rate in cfh 


considering the probable accuracy of the data. —_ : 
1/53 — Btu required to raise 1 cu ft of air 1 deg F 
Heat Balance Equation 


H=W'b,,+ AC (ti—ty) + V/53 (ti—t,) {1} 


W’ — pounds of water vapor expelled by a cow in one hour 


Wu’, water vapor content of inside air in Ib per cu ft 
where H — sensible heat produced by a cow in Btu I I 


per hr u’,, = water vapor content of outside air in Ib per cu ft 


Why, -heat required to evaporate W’' Ib of water ne . 
salma | I *Air exchange includes infiltration rate when the fan is not 
from the floors and gutters running. 
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Fig. 2) This diagram illustrates the graphic solution of the heat and moisture balance in a dairy barn 
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Solving for V in the heat balance equation, 


(H—W'hy) 53 


bi—bo 
Following Fig. 1, setting Ki (H—W"A,,) 53. fa} 


(For graph 1 with H as the abscissa scale, W'A,, as diagonal 
lines, and K, as the ordinate scale. ) 


Then equation { 3} becomes 
V=(5/4—1,)—33 AC 
Setting Ke=(Ki/ti—tu) 2. . . 1 ww. SS 


(For graph 2 with K, as the common ordinate scale with 
graph 1, ¢,—4, as diagonal lines, and K, as the abscissa scale. ) 


Then equation { 3} becomes 
V=k:z 

(For graph 3 with Ke as the common abscissa scale with 
graph 2, AC as diagonal lines, and V as the ordinate scale. ) 


* aa a ae 


Solving for w, in the moisture balance equation, 
wi=(W+W'V)tu. 2... fT] 
Setting Ks=(W+W'/V). 2. 2 1... FB) 

(For graph 4 with Vas the common ordinate scale with 
graph 3, W'+ W" as curved lines, and Ky as the abscissa 
scale. ) 

Then equation {7} becomes 
Wi BaP 6 kw Be we Gs {9} 


(For graph 5 with Ky as the common abscissa scale with 
graph 4, w, as diagonal lines, and wu as the ordinate scale. ) 
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Graph 6 is not a part of the solution to the equation but 
is a psychrometric graph which shows the relationship be- 
tween (wv, t, and RH), and is so set up that the w scale is 
the common ordinate to the «, scale in graph 5. Thus upon 
completion of the solution of the equation one can read RH 
(relative humidity) by passing directly into graph 6 from 
graph 5. Graph 6 is also used to determine the value of w, 
to substitute in graph 5 

From the appendix to this paper, the inside temperature, 
relative humidity, and the critical LU’ value may be found 
which indicate to what extent the wall must be insulated to 
prevent condensation for a given set of conditions. 


Example 1. To tind the allowable heat loss factor (AC 
value) in Btu per hour per cow per degree Fahrenheit dif- 
ference between the barn temperature and outside tempera- 
ture when the design conditions are the following: 


0.5 Ib water 
vapor produced per hour per cow 


H — 3000 Btu per hr per cow and W’ 


I’ 0.20 Ib water vapor evaporated trom floor and 
gutter per hour per cow! 

Outside air conditions /,,— 0 F, RH, 100 percent 

Inside air conditions. 4, °5 F; RH,~ 85 percent 


'H. J. Thompson and R. E. Stewart: Water vaporized from sur- 
faces under cow average between 0.375 and 0.542 lb per hr per cow 
AGRICULTURAL ENGINEERING, vol. 33, p. 206, April, 1952 


iFrom the appendix to this paper the inside allowable relative 
humidity was determined by assuming that the critical Uo value of 
the barn was U~ 0.15. 
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Fig. 3 This diagram illustrates the graphic solution of the heat and 


minnesota 


moisture balance in a poultry house, on a 50-birds-per-unit basis 
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Solution. The solution consists of working forward 
(Fig. 1) from the heat balance side of the graph up to graph 
3 and working backwards from the moisture balance side of 
the graph to graph 3, so that the intersection of both lines 
on this plot will determine the necessary AC value. The 
graphic solution is shown in the upper right-hand corner of 
Fig. 2 with lines and points of intersection. 

A vertical line is drawn up from the sensible heat scale, 
H = 3000 Btu per hour per cow to the intersection of the 
diagonal W’=0.20 lb per hour per cow line. Then a hori- 
zontal line is drawn from this intersection over to the 
(t;—t,) =55 F line. A vertical line from this point drawn 
downward will intersect all values of AC. To find the 
ordinate which must intersect this vertical line so that a 
particular value of AC is determined, one must begin on 
the moisture balance side and work backwards. Locate the 
inside temperature, f,— 55 F, on the temperature scale of the 
psychrometric chart and draw a vertical line upward to the 
curved line which represents the inside relative humidity 
RH, 85 percent. From the intersection a horizontal line is 
drawn to the intersection of the outside absolute humidity 
which is a diagonal line W’,,=0.08 X 10 * lb per cu ft. From 
this intersection a vertical line is drawn to the curved line 
We + W"'=0.7 Ib per hr per cow. A horizontal line from 
this point will intersect all values of AC. Where the hori- 
zontal line intersects the vertical line, brought down from 
the 4,—/, intersection, the proper AC value is determined 
for this particular problem. In this case the intersection 
occurred at an AC value of 25. 

The horizontal line brought over from the W’ + W"'=0.7 
Ib per hr per cow also determines the ventilation rate for the 
specified temperature in that the horizontal ventilation rate 
scale was intersected at V = 1350 cth. 

In the event that the outside temperature should fall 
below the design temperature, there are four ways one can 
prevent condensation from occurring on the walls. The first 
way is to diminish the heat loss of the building by adding 
insulation, such as wall fill, storm windows, double doors, 
etc. The second way is to increase the supply of heat to the 
building by either increasing the number of animals, tem- 
pering the intake air by passing it through the loft, adding a 
heat exchange to the exhaust air, or generating heat from a 
fuel source. The third way is to use slot intakes so that the 
intake air passes over the surfaces of the walls before or as 
it mixes with the inside air. The object of the slot intakes ts 
to lay a layer of intake air over the walls so that the warm 


Fig. 4 (Left) Components of the dairy barn heat balance equation 

substituted in the legs of a Wheatstone bridge ¢ Fig. 5 (Right) 

Components of the dairy barn moisture balance equation substituted 
in the legs of a Wheatstone bridge 
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moist room air does not come in contact with the wall and 
condense. This method of preventing condensation seems 
promising, but as yet has not been used widely enough to 
determine its practicability. The fourth way is to change the 
thermostatic setting which controls the exhaust fan. If the 
barn is well insulated, the thermostatic setting may be in- 
creased to prevent condensation, and in a poorly insulated 
barn it will have to be decreased. 

Increasing the thermostatic setting for the well-insulated 
barn decreases the volume of air being discharged by the 
fan, but the amount of water vapor being removed ts in- 
creased because the discharge air is at a higher temperature 
and is holding much more water for the same relative 
humidity. As the insulation properties of the barn diminish, 
this situation becomes defeated for three reasons. The first 
is that too high a proportion of the heat will be lost through 
the walls when the temperature difference between inside 
and outside is high, so that the fan must slow down too 
much to conserve heat, and consequently not enough moisture 
will be removed even though the air is holding more water 
per unit than previously. The second reason which defeats 
this situation is that the allowable relative humidity inside 
decreases as the inside temperature increases. The third 
reason is that condensation and frost will form more rapidly 
on the windows and cracks as the inside absolute humidity 
increases. 


Graphic Analysis of Poultry House Ventilation 

The graphic analysis of poultry house ventilation ts very 
similar to that of the dairy barn analysis, except for the 
following exceptions. Mitchell and Kelley's graph (Fig. 3) 
showing total heat versus bird size is introduced at the be- 
ginning of the solution, and also their graph showing per- 
cent of heat in latent form versus ambient temperature ts 
inserted in the upper left-hand corner. No subtraction of 
sensible heat is carried out as it is assumed that heat from 
litter decomposition is in excess of that needed to keep the 
litter moisture content stable. Two additional sources of 
heat are included, namely, from litter decomposition and 
from solar heat. It is assumed that the water consumption of 
the birds minus the water removed in taking out the eggs ts 
the amount of water that the ventilation system ts required 
to remove after the difference in relative humidity between 
inside and outside has been taken into account. The poultry 
analysis is done on a 50-bird-per-unit basis rather than on a 
single-animal basis as in the dairy barn. 


Fig. 6 (Left) Components of the poultry house heat balance equa- 

tion substituted in the legs of a Wheatstone bridge @ Fig. 7 (Right) 

Components of the poultry house moisture balance equation sub- 
stituted in the legs of a Wheatstone bridge 
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Fig. 8 Circuit diagram for a combination heat and moisture balance 
computer for both dairy barn and poultry house ventilation solutions 


Heat Balance Equation 
(Har—Hiat) + Hi+Hs= AC (t.—t.) +V/53 (t.—t.) [1] 


where H ,, = total heat given off by the respiratory system 
and body of the bird 


H,,, that portion of the total heat given off by 
the bird which is in the latent form 


H,, sensible heat given off by litter decomposi- 
tion (that is, portion of heat from litter 


decomposition in excess of that used to va- 
porize the moisture in the litter) § 


solar heat given up to the house through the 
windows (heat from equipment such as 
lights and brooders could be added to this 
factor) 
AC (t,—1,) heat loss through the walls of the house 
V’/53 (t,—t,) =sensible heat loss removed by air exchange. 


§It is assumed that the litter moisture content is at equilibrium. 


BTU /HR/T2/*F 
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BUILDING PAPER 
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SHEATHING, AND 
BUILDING PAPER 

PINE LAP SIDING, BUILDING 
PAPER, STUOS, ANO |” FIR 
SHEATHING 

SAME AS C WITH ANOTHER 
LAYER OF |" FIR SHEATHING 
NEXT TO LAP SIDING. 
SAME AS C WITH STUD 
SPACE FILLED WITH 
SHAVINGS 


Us OUTSIDE WALL 


30 
AC BTU/*F/COW/HR. 


Fig.9 This graph shows the relationship between AC and 
the U’ value for the given barn 


Moisture Balance Equation 
We=V (wi—wo) . . . . - .-. 2] 
where W”; = water consumed by birds per hour (water 
taken out in eggs) 


V (w,—w,) = water vapor removed by air exchange. 


Solving for V in the heat balance equation, 
Hat Hat + H, Tt Hs 


V/53= Ms « 


h—bo 


The first step is to combine the numerator in the first 
fraction: 


Har—Hia + Hi+Hs= Ky, 


The following ts an explanation of the composite graph 
Fig. 3. 

The first curve on the left-hand side of Fig. 3 is Mitchell 
and Kelley's curve showing total heat (H4r) versus average 
body weight of bird. Beginning at the left side of Fig. 3, 
the average weight of the bird is entered on the weight scale 
and by drawing a horizontal line to the total heat line a 
value for H 47 is found. 

From a reproduction of Mitchell and Kelley's graph 
showing percentage of latent heat versus environment tem- 
perature in the upper left-hand corner of Fig. 3, the per- 
centage of the total heat which is in the latent form for a 
given environmental temperature is determined. A vertical 
line is then brought down from the (H4,) total heat inter- 
section to the determined percent latent heat line and then 
horizontally over to the proper (Hs) solar heat line and up 
vertically to the proper (H,) litter decomposition line. Thus 
the available sensible heat K, is determined, which is essen- 


ASSUMPTIONS 


+3000 BTU/HR /COW 
w's O15 LBS /HR:/COW 
Wwe 055.88 /HR /COW 
Rigs 100% (OUTSIDE 
RELATIVE HUMIDITY) 


Fig. 10 Curves prepared from the heat and moisture balance 
graph for dairy barns 
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Fig.11 Graph showing variation of ventilating rate, inside tem- 
perature, and relative humidity of barn E, as a function of outside 
temperature with thermostatic control 


tially the same as K, in the dairy barn problem. From this 
point on the solution is the same as that of the dairy-barn 
analysis. An example problem solution is shown in the 
upper right-hand corner of the graph. 


ANALOG COMPUTER 
AND 


FOR SOLVING VENTILATION HEAT 
MOISTURE BALANCE EQUATIONS 

The heat and moisture balance equilibrium equations 
for dairy and poultry house ventilation lend themselves 
quite well to the Wheatstone bridge type of computer. The 
equation will be resolved into the form X4/X»2—X,/X, in 
which X¢ ts unity. 
Dairy Ventilation 


Solving the dairy barn heat balance equation for 4—4,,. 
(H—W’'b,,)/(AC+V/53) . {1} 


These components are substituted in the legs of a Wheat- 
stone bridge as shown in Fig. 4. The subtraction H— W"'h,, 
is done by assuming that the value of H will not be below 
some minimum value, and in giving a fraction of this min- 
imum value to the W’'A,, potentiometer, the total value of H 
is decreased as the W"A,, potentiometer 1s turned clockwise. 

Solving the dairy barn moisture balance equation for 
Wj — U's, 


hi—fo 


uw. — w= (WW V) . [2] 


These components are substituted in the legs of a Wheat 
stone bridge as shown in Fig. 5. 


Poultry House 


Solving the poultry house heat balance equation for 
bite, 


Ventilation 


t—tw=(H+H,+Hs)/(AC+V 
H wr—Ha. 


These components are substituted in the legs of a Wheat 
stone bridge as shown tn Fig. 6. 


53) 


where H 


Solving the poultry house moisture balance equation for 


IV 
where Wy ts the total water Consumed by the bird in pounds 
per hour. 

These components are substituted in the legs of a Wheat 
stone bridge as shown in Fig. 7. 
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Fig. 12 Graph showing variation of ventilating rate, inside tempera- 
ture, and relative humidity of barn C, as a function of outside 
temperature with thermostatic control 
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Fig. 13 Graph showing variation of ventilating rate, inside tem- 
perature, and relative humidity of barn B, as a function of outside 
temperature with thermostatic control 


Combined Dairy and Poultry Ventilation Computer 

The resistances for the potentiometers and unit resist- 
ances are chosen such that the components V, AC, and H 
are common to both dairy and poultry solutions. The V and 
WW" potentiometers are common to both heat and moisture 
solutions in the dairy barn ventilation solution. The circuit 
diagram for a combination heat and moisture balance com- 
puter for both dairy and poultry is shown in Fig. 8. 

In the electrical diagrams the (4,—/,) factor is shown as 
one potentiometer, but mechanically there are two dials 
which affect this potentiometer, the inside temperature (1, ) 
dial and the outside temperature (¢,) dial. This is done by 
having one dial drive the wiper directly and the other dial 
rotates the case of the potentiometer through a gear train. 
This same scheme 1s used (;— wo) 
potentiometer. 


in the case of the 


In order that the moisture conditions inside may be read 
directly in terms of relative humidity, the (/,) dial drives a 
wiper horizontally across a small psychrometric chart and 
the (w,) dial drives a wiper vertically across the same chart, 
and where these two wipers cross the relative humidity 
(RH,) may be read directly. This same process is used in 
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determining outside relative humidity there being two win- 
dows having psychrometric charts on them, one labelled 
outside condition and the other labelled inside conditions. 

Although there are many switches shown on the elec- 
trical diagram, it all boils down to two-dial-positions, four- 
pole gang switches and one off-on switch. 

Standard linear taper wire-wound potentiometers were 
used in the making of this computer as it was felt that the 
accuracy of the data available did not justify helical wound 
potentiometers. 


A STUDY OF DAIRY VENTILATION CONTROLS WITH THI 
AID OF THE ANALOG COMPUTER AND 
GRAPHIC ANALYZER 
The following study ts an attempt to analyze some of the 
ventilation control problems for dairy barns. The primary 
objective of the ventilation system is assumed to prolong 
the life of the barn by preventing condensation from occur- 
ring on the walls and ceiling. Secondary objectives are to 
maintain the health of the cow and the comfort of the 
operator. The problem is difficult to analyze in that (1) 
there are many variables which affect the atmospheric con- 
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Fig. 14 Graph showing variation of ventilating rate, inside tempera- 
ture, and relative humidity of barn E, using a humidistat in place of 
the thermostat to control the fan 
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Fig. 15 Graph showing variation of ventilating rate, inside tempera- 
ture, and relative humidity of barn C, using a humidistat in place of 
the thermostat to control the fan 
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ditions in the barn, (2) these variables like to change to- 
gether and in varying properties and (3) the two heat and 
moisture balance equations must be balanced simultaneously. 
Essentially the fan is discharging warm moist air from the 
barn and cold air is entering to replace this through the 
cracks or designed inlets. 


Limitations of Controls for Ventilation Fans 

Two of the questions most frequently asked concerning 
the control of dairy barn ventilation are: What temperature 
should the thermostat be set at under various conditions, and 
how low may the outside temperature be before a heat 
exchanger is required for a given barn? 

Using the heat and moisture balance graph a set of 
curves has been prepared (Fig. 10) which help to answer 
these questions, when the heat and moisture output of the 
cow is assumed constant over a given range (40 to 70 F) 
and the animal density is 672 cu ft per cow. These plots 
gives the relationship between inside and outside tempera- 
ture for varying insulated barns when the inside relative 
humidity is at the critical point (allowable RH for corre- 
sponding temperature and U valuc) and the outside relative 
humidity is 100 percent. 

In preparing Fig. 10, the sensible heat delivered by the 
cow was assumed to be 3000 Btu per hr, the water evapo- 
rated from the floors and gutters to be 0.15 Ib per hr per 
cow, and the water vapor expelled by the cow to be 0.55 Ib 
per hr per cow. The graph shows constant inside tempera- 
ture lines (/,) (thermostat settings) plotted against outside 
temperature (/,) (design temperature), and barn insulation 
properties in terms of AC where A remains constant and C 
is varied. 

In determining the allowable inside relative humidity, 
Fig. 9 was prepared to show the relationship between AC 
and the U’ value for the given barn. 

Fig. 10 shows that in order to prevent condensation on 
the walls in barns with an AC property of approximately 25 
or less, the thermostat setting should be increased if the 
outside temperature decreases, while for barns with an AC 
of 25 or greater the thermostat setting should be decreased. 

The fact that a lower allowable outside temperature 
corresponds to a higher inside temperature for AC values 
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Fig. 16 Graph showing how fluctuation of the inside temperature 
of barn Ex may be overcome by a combination thermostat and 
humidistat control system 
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less than 25 may scem inconsistent at first. However, in a 
well-insulated barn a large proportion of the heat loss ts 
through the ventilation system and if the thermostatic setting 
is increased the volume of air discharged diminishes slightly 
but the amount of water vapor removed increases fo a greater 
extent because of the increase in absolute water content of 
the discharged air. In following the 80 percent RH line on 
a psychrometric chart it may be shown that, if the thermo- 
static setting is increased from 40 to 50 F, the volume of air 
discharged may be decreased 47 percent before the amount 
of water expelled will be diminished. Yet it is not necessary 
to diminish the volume of air discharged this much in a 
well-insulated barn in order to conserve the heat necessary 
to maintain this higher temperature. 

In a poorly insulated barn, where the AC value ts above 
25, the air taken out by the ventilation system is a smaller 
portion of the total heat loss. If the thermostat setting is 
increased, the volume of air discharged must diminish con- 
siderably in order to conserve heat because of the large pro- 
portion of heat loss through the walls. 

For a barn of given AC value one may determine from 
Fig. 10 the outside temperature at which a heat exchanger 
would be needed. If the AC values of the barn is 25, the 
optimum thermostatic setting is 60 F and the allowable 
outside temperature is 2 F. If the outside temperature falls 
below 2 F, a means of saving heat through an exchanger ts 
necessary to prevent condensation. 


Types of Control 
It 1s of interest to compare the results obtained by 
analysis of the ventilation requirements of a well-insulated, 
double-wall structure (barn E) with a second barn (barn C) 
which is identical with the first except that the double wall 
contains no insulation, and also a third barn (barn B) which 
has but a single wall. The walls are described in Fig. 9. 


Assumptions 
H = sensible heat give off by a cow, 3000 Btu per hr 
W’ water vapor give off by a cow, 0.55 Ib per hr per cow 
W” water evaporated from floors and gutters 0.15 lb per 
hr per cow 


RH, 


relative humidity of outside air ts 100 percent. 


Conditions 


Size of barn 36x 70. Number of cows in barn—30. 


Wall E Wall C 
Heat loss, 


Heat loss, 
Area, ft? U Btu/degF/shr U_ Btu/degF/hr 


Wall (7 ft founda- 
tion to ceiling) 


Foundation (1 ft 
above floor) 


Ceiling 2520 
Windows ‘120 
Door 76 


1288 0.09 116 0.20 258 


212 0.56 
0.06 151 
1.13 146 
0.52 40 


119 0.56 
0.06 151 
1.14 136 


0.52 40 


119 


Total 4216 562 704 


Note: Diagram of wall construction are on the respective graphs. Loft of barns 


are filled with hay. 


4216 ft? 
A=— 


40 cows 


140 ft? per cow exposed wall surface 


362 Btu per deg F per br 


4216 ft? 


0.134 average heat coethcient for 
wall of barn E 


Btu/deg F/hr 
0.34 


0.56 
0.06 
2.13 
0.52 40 
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704 Btu per deg F per hr 
—_____—_—_—_—__—_——— = 0.167 average heat coefficient for 
4216 ft? wall of barn E 

883 Btu per deg F per hr 
Cp aaa a ——— 


— 0.209 average heat coefhcient for 
4216 ft? 


wall of barn B 


ACg 
AC 
AC 


18.7 Btu per deg F per hr per cow heat loss through walls 
23.4 Btu per deg F per hr per cow heat loss through walls 
29.3 Btu per deg F per hr per cow heat loss through walls 


Thermostatic Control of Forced Ventilation 

A ventilating fan having a capacity of 6000 cfh per cow 
is installed in each barn and the thermostat which is con- 
trolling the fan is set at 50F and at 40 F. On Fig. 11 
through Fig. 13, when the thermostat is cycling the fan, the 
lines are solid for a thermostatic setting of 50 F and dashed 
for a thermostatic setting of 40 F. 

Figs. 11, 12 and 13 show the variation of the ventilation 
rate, the inside temperature, and the relative humidity of 
barns E, C, and B as a function of outside temperature with 
thermostatic control. These curves were drawn up with the 
assumption that the outside relative humidity is 100 percent. 
If the outside relative humidity is less, as it normally will 
be, the inside relative humidity will be somewhat less. If 
the outside temperature is high, the change in relative 
humidity outside will appreciably affect the inside relative 
humidity, but we are more concerned with low outside tem- 
peratures where a change in outside relative humidity will 
but slightly affect the inside relative humidity. An example 
of this is in the case of barn X when the outside temperature 
is —-10 F and the outside relative humidity goes from 100 
to 50 percent the inside relative humidity will change from 
78 to 74 percent, a change of only 4 percent inside for a 
change of 50 percent outside. The outside relative humidity 
plays a more important role in affecting the inside relative 
humidity in the case of a well-insulated barn over that of a 
poorly insulated barn. 

Barn Ey (Fig. 11). From the diagram in the appendix 
of this paper, it was determined that condensation would 
occur on the wall when the outside temperature was — 15.5 F 
for a thermostat setting of 50 F, and at —9F when the 
thermostat is set at 40 F. The critical U value (sidewall) 
was 0.09 and the AC value of the barn 18.7. 

Barn Cy (Fig. 12). When the thermostat was set for 
50 F, condensation would occur on the wall when the out- 
side temperature reached 0 F, and for the thermostat setting 
of 40 F condensation would occur at 2.0 F 
outside temperature. The AC value for this 
barn is 23.4 and the sidewall U value is 0.20. 


Wall B 
Heat loss, 


437 Barn By (Fig. 13). For this poorly in- 
sulated barn condensation would occur on the 
wall at approximately 11.5 F for both 50 F 
and 40 F thermostatic setting. The critical U 
value ts 0.34 and the AC value is 29.3. 
Comparing the three barns, the insulated 
barn is more suited to cold weather in that it 
is more sensitive to the thermostat setting, less 
sensitive to changes in outside temperature, 
and condensation will occur at a lower outside temperature. 


119 
151 
136 


883 


Barn E is more sensitive to thermostatic setting in that, 
if the outside temperature is 0 F and the inside thermostat 
setting is decreased from 50 to 40 F, the relative humidity 
inside will increase 10 percent in the insulated barn and only 
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6.5 percent in the fairly well-insulated barn and 0 percent 
in the poorly-insulated barn. 

That the well-insulated barn is less sensitive to changes 
in outside temperature may be shown by decreasing the out- 
side temperature from 10 to 0 F. The relative humidity will 
increase 12 percent in the fairly well-insulated barn and only 
6% percent in the insulated barn when the thermostatic 
setting is 50 F. Condensation will occur at a lower outside 
temperature for the insulated barn. In the case of the 50 F 
thermostatic setting, condensation would occur at an outside 
temperature of —15.5 F in the insulated barn and at 5 F in 
the fairly well-insulated barn. 


Humidistat Control of Forced Ventilation 

Barns E and C were again analyzed using a humidistat in 
place of the thermostat to control the fan. The graphic re- 
sults showing inside temperature (/;), inside relative humid- 
ity (RH;\) and volume of air discharged by the fan (V), 
are given in Fig. 14 and Fig. 15. The humidistat control 
point was set at 80 percent RH and 70 percent and the max- 
imum fan ventilation capacity was again 6000 cfh per cow. 

Barn Ey (Fig. 14). In this well-insulated barn the con- 
trol point, 80 percent RH,, is reached when the outside 
temperature falls to 9 F and the inside temperature is then 
31 F. As the outside temperature continues to decrease, the 
ventilation rate decreases and the inside temperature again 
increases. When the outside temperature falls to —20 F, 
the inside temperature has risen to 621 F, and the ventila- 
tion rate is 960 cfh per cow. The objection to this system of 
control is that the inside temperature reaches a minimum 
value at moderate outside temperatures, and as a result fluc- 
tuates over a great range as the outside temperature changes. 

Barn Cy (Fig. 15). The humidistat control system for 
this barn, which has no insulation fill between the walls and 
does not have storm windows, is not feasible because the 
temperature differential between inside and outside air ts 
not great enough to allow the ventilation system to dis- 
charge the required amount of air to keep the relative 
humidity below 80 percent. This system fails to balance 
properly when the outside temperature is lower than 1 F. 


Combination Thermostat and Humidistat Control System 

The peculiar fluctuation of the inside temperature caused 
by humidistat control of the well-insulated barn (barn Ey) 
may be overcome by a combination thermostat and humidi- 
stat control system (Fig. 16). The humidistat is used to 
control the ventilation system when the inside relative 
humidity reaches 80 percent. This system is shown in Fig. 
16. Barn Ery can be thought of as a thermostatic control 
system with a high limit control for humidity. When the 
humidistat is controlling in Fig. 16, the lines are dashed, 
and above 28 F there is no control of the ventilation system 
as it is running at maximum capacity. 

There is no advantage to controlling barn C with a 
combination control system as the humidistat cannot be 
satisfied by the ventilation system below 1 F. 


CONCLUSIONS 

1 Humidistat control of a forced ventilation system for 
the average barn (double wall without insulation fill or 
less) is not advantageous because the control range is too 
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narrow to be of value, and in this control range the inside 
temperature fluctuates too drastically with changes in out- 
side temperature. 

The animal, probably, and the operator, certainly, would 
be uncomfortable trying to regulate their temperature con- 
trol mechanism to that of the uncontrolled barn. 

The humidistat is best used as a high limit control of 
relative humidity in conjunction with thermostatic control, 
if the barn has the insulation properties of a double wall 
with insulation fill. The humidistat allows one to go toa 
lower outside temperature without condensation, and the 
thermostat takes out the objectional dip in inside tempera- 
ture. The inside temperature will rise abruptly when the 
humidistat takes over at the low outside temperature, and 
the volume of air discharged by the ventilation system will 
rapidly reach the normal infiltration rate of the structure. 


2 Thermostatic control is the more satisfactory type of 


control although it is greatly affected by the insulation 
properties of the structure. 

3 For barns with double-wall construction, the thermo- 
stat should be set high (60 to 70 F) to prevent condensation 
on the walls. For barns with single-wall construction the 
thermostat should be set as low as possible (40 to 50 F). 


4 Single-wall barns are generally good down to an out- 
side temperature of about 10 F, and double-wall construc- 
tion allows one to go down to —5F or —10F before 
condensation on the sidewall starts. Double wall with insu- 
lation fill will enable one to prevent condensation with 
outside temperatures as low as — 20 F, if the inside thermo 
static setting is 60 F or higher. 

5 The sizing of a fan for a given barn is a function of 
the outside design temperature and the insulation properties 
of the barn. 


If the outside design temperature is below 0 F, a 4,000 
to 6,000 cfh per cow fan system would be adequate, and as 
the outside design temperature increases the capacity of the 
fan system may be increased to a maximum of 10,000 or 
12,000 cfh per cow. 

If the insulation properties of the barn are poor (AC 
above 28), the fan capacity should be at least 6,000 cfh per 
cow or a little better, because in these cases it is better to 
maintain a cold barn (low thermostatic setting) by moving 
a large amount of air to prevent condensation. As the insu- 
lation properties of the barn improve, the capacity of the fan 
may be diminished to 4,000 cfh per cow, which is the 
minimum ventilation rate recommended for good circulation. 


APPENDIX 
Diagram for Determining Wall-Surface 
Condensation || 

Conditions for wall-surface condensation—also for condensation 
on ceilings or floors—can be quickly determined by means of the 
accompanying diagram (see next page) when any three of the fol- 
lowing four factors are known: 

T,~ air temperature on colder side of wall 

T,) = air temperature on warmer side of wall 


\|Edgar, Alfred D.: A diagram for determining wall-surface con- 
densation. AGRICULTURAL ENGINEERING, vol. 30, p. 336, July, ’49: 
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CONDITIONS FOR WALL SURFACE CONDENSATION ~ 
SURFACE AND DEW POINT TEMPERATURE °F WARMER SIDE OF WALL /'™ 
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U— over-all thermal conductivity of wall between T, and T,, 
RH © relative humidity of air on warmer side of wall. 


For condensation, the warmer side wall surface is at or below 
the dew-point temperature, Tap, of the air on the warmer side of 
the wall (1). 


Lines of air temperature, T,,, for the warmer side of the wall 
run through intersections of lines for corresponding dew-point tem- 
peratures, Tp and relative humidity, RH at 30 in of mercury (2). 


Over-all thermal conductivity, U, includes internal conductance 
and that of both surfaces or films, of which the warmer side, still 
air-surface conductance, f— 1.65 Btu** (3). 


Surface and dew-point temperatures, Top, are located 
intersections of the horizontal thermal conductivity lines, U’, and a 
straight edge between air temperatures, T,, on the colder side at the 
bottom and air temperatures, T,,, on warmer side, at top** (4). 


at the 


EXAMPLE 


To Find: Relative humidity, 
side surface (1) when 


RH, for condensation on warmer 


Air temperature on colder side, at bottom, T= 6 F 
Air temperature on warmer side, saturation line, at top, 
T,.—74F 


Over-all chermal conductivity, U — 6.46 Btu. 


Solution: Intersection of horizontal, U 
straight edge between T. 6F and T,, 
locates Tap — 57 F (4) (4). 

Intersection of vertical dew point, Tap 57 F, and curved air 
temperature, on warmer side, T,,- 74 F line, at RH locates hori- 
zontal relative humidity, RH ~ 56 percent line (2) 


**Values of U 
or percent = U/f. 


0.36 line and diagonal 
74 F (bottom to top) 


percent (downward from top to bottom) x f, 
To locate Tap corresponding to U, the percent 


(right to left, T* to T«) locates Tap where U/f = (Tw Tap) 
(T+ Te ). 
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Free Research vs. Design Research 
HERE ts a choice between free and design research, or 
between supporting the man or the experimental design. 

Let us support the man. 

Let us try to help improve the conditions of research for 
the individual worker. This means longer grants, fewer 
reports, less paper work. 

Let us not ask men tor detailed reports until they have 
completed their jobs. Half-finished reports only clutter up 
other men’s minds and create confusion in the literature. 

Let us try to give the funds for research with as few 
strings attached as possible, without asking a man exactly 
what he ts going to do and why. 

Let us not mistake experimental design for ideas. 

Let us be careful how we handle a researcher's ideas. 
They belong to him. When he puts them on application 
forms, let us not broadcast them, scatter them far and wide 
to scrupulous and unscrupulous hands. Public agencies do 
this now with the result that authorship of ideas is often 
forgotten or ignored. The researcher's satisfaction comes 
from finishing a job — his own. He is human. It may have 
taken him years to work out his ideas. In wartime, yes, all 
ideas must be pooled and as quickly as possible. But not in 
peacetime. 

Let us try to educate public agencies and legislators to see 
the importance of backing individuals—of betting on them— 
giving them greater freedom.—Curt P. Richter, in Science, 
July 24, 1953. 
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The Place of LP Gas as a Tractor Fuel 


Lloyd H. Lamouria 


ASSOC. MEMBER ASAE 


UT of a total of 75,000 wheel tractors and 40,000 
track-type tractors in California, it is estimated that 
about 5 percent are operating on LP-gas. However, 

since about one-half of all California farms are using LP-gas 
for domestic purposes, this indicates a good possibility of 
expanded use of this fuel for power purposes. 

The liquified petroleum gases used in agriculture have 
been propane and butane. Today butane has more valuable 
uses in the synthetic industry, and consequently only pro- 
pane will be considered as a tractor fuel. Most of the 
present tractor conversions are on gasoline wheel tractors 
and therefore only the wheel tractor ts considered in the 
cost analysis presented in this paper. 


OTHER FACTORS BESIDES LP-GAS CARBURETION 

In the spring of 1952, the average cost of converting a 
Farmall M tractor was $300 for a liquid withdrawal con- 
version or $230 for vapor withdrawal with the same pro- 
pane tank and including carburetor, or $115 for vapor 
withdrawal using borrowed domestic cylinders and spud-in 
carburction. These prices include labor and all the recom 
mended changes but not the price of the bulk storage. 

The compression ratio on a converted tractor is normally 
raised about one ratio, 1. ¢., 5.5:1 to 6.5:1. This ts possible 
due to the fact that propane has an octane rating over 100. 
Therefore, even at the higher compression ratio, there 1s no 
engine knock and a higher thermal efficiency is realized. By 
this means the lower heating value of propane per gallon 
as compared to gasoline can be partially or wholly offset. 
The extent of this benefit depends greatly upon how much 
the compression ratio is changed. Although factory-equip- 
ped tractors are now manufactured up to an 8:1 compression 
ratio, the ordinary gasoline engine and final drive could not 


This is an abridgment of a paper presented at the 21st annual 
farm machinery conference at the University of California at Davis, 
February, 1952 

The author — Ltoyp H. LAMoURIA — 1s instructor in power, 
department of agricultural engineering, and junior agricultural en- 
gineer in the agricultural experiment station, University of Cali- 
fornia, Davis. 


Acknouledgements: The author ts indebted to Roger Yoerger, 
department of agricultural engineering, lowa State College, to trac- 
tor manufacturers and dealers, to the California Liquid Gas Dealers 
Association, and to friends for their assistance in assembling the 
facts in the cost analysis presented in this paper. 
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Fig. 1 Relation of compression ratio and intake manifold to power 
output. (Data by courtesy of Roger Yoerger, lowa State College) 


withstand the increased power output resulting from increas- 
ing the compression ratio to 8:1 (Fig. 1). Also, due to the 
increased compression pressure, the ignition system and 
starter motor may be required to operate with a minimum 
margin of safety. 

If the compression ratio 1s not changed, one can expect 
the fucl consumption to increase about 15 to 20 percent on 
a gallon basis. Comparative gasoline and LP-gas fuel con 
sumptions at various loads and at existing production 
gasoline and LP-gas compression ratios are shown in Fig. 2 
The latest Minneapolis-Moline tractor with an 8:1 compres 
sion ratio had not been tested at Nebraska at the time of 
this writing; therefore, it was not included in this analysis 

Whereas the compression ratio 1s the governing factor in 
determining relative fuel economy, the intake manifold 
principally controls the maximum horsepower output of the 
engine. If the intake manifold is not changed, one can ex 
pect a 10 percent loss in power (Fig. 1). This power loss is 
due to the lower volumetric efhciency of the propane engine 
when operating with the hot gasoline manifold. With gaso- 
line, heat is added to the intake manifold to aid in the 
proper vaporization of the liquid gasoline. However, when 
using propane, the fuel is introduced as a gas which reduces 
the quantity of air which can be drawn into the cylinders at 
any given temperature. In order to overcome this restriction 
due to temperature, either a cold manifold ts installed or the 
“hot spot” in the gasoline manifold is blocked off. 

Cost of Use with Gasoline, LP-gas and Diesel Fuels. 
The following cost-of-use analysis is based on a 40 maxi 
mum drawbar horsepower wheel tractor and at typical 
California costs. Computations include all costs with the 
exception of operator labor and greases. Fuel consumption 
figures for the gasoline and propane tractors were taken as 
the average of Nebraska belt test E, tests 319 and 411 fer 
the gasoline and propane tractors. Since this one manufact- 
urer does not also have a diesel tractor of this same model 
already tested at Nebraska, a typical fuel consumption was 
chosen from Nebraska's belt test E for diesel tractors in this 
horsepower class. Average horsepower developed ts thereby 
assumed to be 50 to 60 percent of maximum. Repair costs 
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PERCENT FUEL CONSUMPTION BASED On 
GASOLINE AT THE RESPECTIVE Loans (RPS) 
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Fig. 2 Comparative fuel consumption at various Joads 
(propane vs. gasoline) 
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are for comparative purposes and are based on the exper- 
ience and repair records of one of the largest tractor service 
agencies in California. The repair cost estimates were also 
checked by the representatives of three tractor manufacturers. 

This analysis will directly apply to cither new or ade- 
quately converted tractors in this same $3000 price class. 
NOTE: For any specific farm or ranch this analysis should 
be recalculated, due to such variables as first cost, number of 
tractors or cngines, type and volume of fuel storage, and 
local fuel-price differentials. Once the facts are available 
it takes only a few minutes to make a decision on (whether 
to use gasoline, propane or diesel as the engine fuel). 

Depreciation on the tractors and storage equipment was 
computed by the straight line method which is taken as 
annually being the purchase price less the trade-in value 
divided by the service life. Trade-in value is assumed to 
be 10 percent of the purchase price. Service life on the 
tractors is taken as being 12 years and on the bulk fuel 
storages as 20 years. 

Depreciation per year = (C—$)/SL 


where C = purchase price 
AY trade-in value 
SL service life in years. 


Interest on Investment is taken as annually being 5 
percent of the average investment. The average investment 
is the purchase price plus the trade-in value divided by two. 

Interest per year = (C-+$)/2 5 percent. 

Insurance is taken as annually being 1.25 percent of the 
purchase price. 

Taxes are taken as annually being 1.25 percent of the 
purchase price. 

Housing is taken as annually being 1.0 percent of the 
purchase price. 

Maintenance is taken on an annual basis as follows: 
Gasoline wheel tractor 4.0 percent of purchase price. 
Propane wheel tractor 3.0 percent of purchase price. 
Diesel wheel tractor 5.5 percent of purchase price. 
Gasoline and diesel storage 5.0 percent of purchase 

price. 
Propane bulk storage 4.0 percent of purchase price. 

Fuel Consumption 
Gasoline 100 percent on a gallon basis 
Propane 112 percent of gasoline on a gallon basis 
Diesel 68 percent of gasoline on a gallon basis 

Fuel Price per Gallon 
Gasoline 18c¢ in 500-gal lots 
Propane 12c in 500-gal lots 
Diesel 12c¢ in 500-gal lots 

Oil and Filter Life 
Gasoline 100 percent 
Propane 300 percent of gasoline filter life 
Diesel 60 percent of gasoline filter life 

Oil Price per Gallon 
All engines 70c in barrel lots 

RESULTS 

By taking into account all the cost variables, with the 
exception of difference in refueling time and grease for 
chassis lubrication, Fig. 3 is plotted. Showing the cost of 
use per year, Fig. 3 is helpful when considering the relative 
savings of one fuel as compared to another. If the choice 
lies only between a gasoline and an LP-gas tractor, the 
graph shows that the cost of use of the LP-gas tractor is less 
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Fig. 3 Comparative cost of annual use of tractor operating on 
gasoline, diesel and propane fuels 


per year, after the annual use exceeds about 400 hr per year. 
This conclusion should apply principally to those who wish 
to convert an existing gasoline tractor. 

For those owners who are considering buying a new 
tractor, the diesel as well as the gasoline and LP-gas engine 
should be considered. On this basis the gasoline tractor is 
most economical under 400 hr of annual use, the LP-gas 
tractor is most economical in the range from 400 to 1500 hr 
annual use, and the diesel tractor has the lowest cost of use 
above 1500 hy per year. 

Since the graph represents only those tangible differences 
which can be calculated for the typical case, the following 
summary is presented: 

ADVANTAGES OF LP GAS FUEL 

1 About 25 percent less maintenance cost than gasoline tractor 

2 About 50 percent less maintenance cost than diesel tractor 

3 About 25 percent less fuel and oil cost than gasoline tractor 

*4 No objectionable exhaust odors 
*5 Engine performs smoothly even when cold 
*6 Minimum storage losses due to evaporation, spillage and 
pilferage. 
DISADVANTAGES OF LP GAS FUEL 
1 About 35 percent higher fuel and oil cost than diesel tractor 
2 Special fuel storage 
*3 Emergency refueling difficulties 
*4 Conversion may hamper visibility or mounting implements 
*5 Conversion may overload front tires and result in short tire 
life and hard steering 


*6 Instability of price structure 
*7 Local garage servicing of LP gas equipment. 


*Factors not included in graphic analysis. 


Fuel consumption on the new LP-gas factory-equipped 
tractors will show a higher fuel economy than indicated by 
this paper. Also, if LP-gas is used for domestic purposes 
as well as power, part of the storage-tank amortization will 
be carried by the home. Besides this factor, the fuel will be 
about one cent per gallon cheaper due to the larger 
deliveries. 

CAUTION: This paper exemplifies a method of calcu- 
lation common to all farms, but the results are valid only 
for the special case considered. Only cost data that specific- 
ally pertains to the operation in question should be used. 

LP-gas as a tractor fuel must be considered on the basis 
of all its merits, both good and poor. Agricultural engineers 
are interested in a minimum unit cost of production. On 
the basis of the factors discussed in this paper, the fuel most 
nearly fulfilling the individual's needs is the fuel which he 
should be using. 
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URING the fall of 1950, dithiculty was encountered 
in maintaining optimum potato storage temperature 
in thermostatically controlled, force-ventilated po- 

tato storages in the New Jersey area. Although outside 

temperature was sufhciently low to maintain 40F storage 
temperatures, and intake duct minimum thermostats were 
set for 30F, storage temperatures remained above 42F. 
Analysis of duct minimum thermostat lag indicated that 
this control was the chief cause of the difficulty encountered. 
At the same time, attention was brought to focus on 
industrial differential thermostats which provided the pri- 
mary type of control used for storage ventilation systems. 

The majority of these controls will operate on a temper- 

ature difference of no less than 4F. This is an optimum 

figure. Frequently, because of the need to place sensing 
elements, ctc., to conform to storage structures, it is impossi- 
ble to maintain operation with less than a 7F differential. 

Since this is an area having a comparatively mild winter 
climate, it was considered desirable to obtain a differential 
thermostat which would function within a smaller temper- 
ature differential. With this thought in mind, Potter*, Longo 
and Claycomb? commenced design and fabrication of an 

electronic differential thermostat in the fall of 1950. A 

pilot model was available for laboratory testing by early 

January, 1951. 

The electrical design of this pilot model, as suggested 

by Potter and detailed by Longo, is shown in Fig. 1. A 

description of its operation follows: 


This paper was prepared expressly for AGRICULTURAL ENGI- 
NEERING. 

The authors — B. C. HAYNeEs and C. V. LOoNGo — are, respec- 
tively, associate agricultural engineer, division of farm buildings 
and rural housing (BPISAE), U.S. Department of Agriculture, and 
assistant professor of electrical engineering, Rutgers University. 

*Potter, James L., professor and chairman, department of elec- 
trical engineering, Rutgers University. 

tClaycomb, Richard S., agricultural engineer, division of farm 
buildings and rural housing (BPISAE), U.S. Department of 
Agriculture. 
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ca naan Fig. 1 Electrical design of pilot model 
of the electronic differential thermostat 


There are three principal elements of the circuit namely, 
(1) a biased polarized relay (relay No. 1), (2) an elec- 
tronic amplifier tube (6J6), and (3) a Wheatstone bridge 
with thermistors in two of the bridge arms. 

The action of the relay is controlled by the flow of 
electric current in the two coils of the polarized relay, When 
the current in one of the coils exceeds the current in the 
second coil by a predetermined amount, the relay contacts 
will close, and actuate the power relay (relay No. 2). On 
the other hand, if the current in the first coil does not 
exceed the current in the second coil by the required 
amount, or if the current in the second coil actually exceeds 
that in the first coil, the relay contacts will remain in the 
open position, or they will revert to that position when the 
critical differential value of current is reached, if previous 
conditions of current had been such as to cause them to 
close. Thus the polarized relay is actuated according to the 
differential current in the coil. 

The control coils of the polarized relay are connected 
in the plate circuits of the 6J6 amplifier tube, and thus the 
flow of current in the coils is under control of the voltages 
applied to the grids of the 6J6 tube. These control voltages 
are derived from the error voltage appearing at the output 
terminals of the Wheatstone bridge. This error voltage 
results when a difference in temperature between the two 
thermistors causes their clectrical resistance to differ suffic- 
iently to cause electrical unbalance in the bridge. If the 
thermistors are properly matched, they will have equal 
resistance when the temperature is the same in cach. There- 
fore, difference in temperature is the only factor that will 
unbalance the bridge and thus, through the action of the 
amplifier tube, cause sufficient difference in the currents 
flowing in the control coils of the relay to actuate them. 
Moreover, since the action of the relay is polarized and 
will respond to an excess current in one of the coils but not 
in the other, this action will be initiated by an excess tem- 
perature in one of the sensitive elements but not in the other. 

The pilot model previously de- 

5 adie al scribed was further tested under ac- 
Sool tual storage conditions during the 
winter of 1951-52. During these 


q 2008 r 
ec.er eas! storage tests the control consistently 
3300 Ones a . . . ° - 
= acne fj maintained a differential of 2F even 
ue - 
. —4 when power source voltages fluctu- 
- a3 230 Sn ‘ ous 


ated between 102 and 124 v. 

The pilot model was modified by 
the addition of a second sensing cir- 
cuit (consisting of a similar Wheat- 
stone bridge, 6J6 amplifier tube, 
and polarized relay) during the 
spring of 1952. The Wheatstone 
bridge of this second sensing circuit 
utilizes a thermistor in one arm, a 
variable resistance in the second 
arm, and fixed resistors in the re- 
maining two arms. This second 
sensing circuit furnishes minimum 
(Continued on page 830) 
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Prevention of Fatigue Failures in Farm Machine Parts 
William E. Gustin 


HE principles involved in the prevention of fatigue 
failures are most readily explained by referring to the 
conventional S-N curve in Fig. 1. The S-N curve is the 
threshold of the combination of reversed stress and number 
of cycles above which fatigue failures will be experienced. 
The S-N curve plotted on semilog or log log paper has 
a knee or break at approximately one million cycles indicat- 
ing the endurance-limit stress. At stresses slightly below 
the endurance limit, a part can operate several million cycles 
before failure occurs. The number of times a stress is ap- 
plicd in a part is to a considerable extent fixed by the func- 
tion of the part; that is, parts such as crankshafts, connecting 
rods, gears, axles, etc., definitely operate more than a mil- 
lion cycles, and therefore the operating stress must be below 
the endurance limit if failure is to be avoided. Parts, how- 
ever, like frames, hand-operated levers, hydraulic cylinders, 
etc., operate for a smaller number of cycles and may success- 
fully operate above the endurance-limit stress. 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, Hl., December, 1952, 
as a contribution of the Power and Machinery Division. 

WILLIAM FE. GustiN—-is a project engineer in the 
applied mechanics section, engineering department, John Deere 


Waterloo Tractor Works of Deere Mfg. Co. 


The author 
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Knowing approximately the number of cycles a part is 
expected to operate, the information required to prevent 
fatigue failures ts: 

1 The actual operating stress in the part 
2. The S-N curve of the part. 

In any case the general problem is to provide fatigue 
strength in excess of the operating conditions. 

Fatigue cracks usually start at the surface of a part, in a 
notch, sharp change in section, keyway, screw thread, oil 
hole, tool mark, etc. The notch brings the local stress up, 
sometimes above the endurance limit, even though the 
nominal calculated stress is well below the yield point or 
even below the endurance limit of the material. The actual 
stress in a part can, therefore, be determined most accurately 
by strain measurements under operating conditions. 

The fatigue strengths of most materials are fairly well 
Known ; however, it 1s our experience that the size and shape 
of the part and the effect of heat-treatment provide consider- 
able variation in fatigue life of different parts of the same 
material. The practical solution, therefore, is to run labora- 
tory fatigue tests on actual parts rather than on test bars. 


In some special cases where service fatigue failures are 
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experienced, a correlation between laboratory test conditions 
and field operating conditions may be obtained which elim- 
inates the need to measure actual operating stresses. For 
example, service failures on axles which were overloaded by 
use of axle extensions and heavy mounted implements indi- 
cate that the average field operating stress is approximately 
1.3 times greater than on the rotating bending fatigue test 
machine in the laboratory which 1s based on static loads. 

This paper is primarily concerned with evaluating the 
methods we have used for reducing the critical stress or 
increasing the fatigue strength of particular parts without 
increasing the size of the part. Reasons for increasing fatigue 
strength without increasing the size of the part are: 

1 Many times a design is frozen before the need for 
additional fatigue strength is apparent, and considerable 
additional cost would be involved in changing associated 
parts if the size of the critical part ts increased. 

2 A piece of cquipment, no matter how well designed 
and tested, may be placed in service under conditions for 
which it was not intended. In such cases it is advantageous 
to provide a replacement part with increased fatigue strength 
and still be interchangeable with the original part. 

Fig. 1 compares the fatigue strength of axle shafts of 
two different materials and at two different hardness levels. 
This is a 2%-in diameter shaft with a 1/16-in radius on a 
2% -in diameter shoulder where the splines run out. All 
four sets of test data fall within the same scatter band so 
that the following conclusions may be made: 

1 Alloy steel at the same hardness level provides no 
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improvement in fatigue life over carbon steel in this design. 

2 Increasing hardness, when a severe notch is involved, 
provides no improvement in fatigue strength. (Torsional 
yield point is increased from 120,000 in-Ib to 190,000 in-Ib, 
or 58 per cent by this increase in hardness.) 

Fig. 2 compares the fatigue strength of axles, which have 
a ‘-in ground radius on a 3-in diameter shoulder at two 
hardness levels. Here an average improvement of 11 per 
cent in endurance-limit stress 1s obtained by an increase in 
hardness from 241-286 to 331-401 Brinell. 

Limited fatigue tests on axles that had not been straight- 
ened indicated an average improvement from 80,000 to 
175,000 cycles at one stress level, as shown on Fig. 3. Since 
the axles had to be straight, fatigue tests were conducted on 
axles that had been straightened while hot (800 F out of 
the temper furnace). Tests were also run on axles that had 
been held straight in rolls during the quench. These test 
results indicate no appreciable difference in fatigue life of 
hot-straightened and cold-straightened axles. 

In some cases additional notches can be cut in the vicin- 
ity of a critical fillet so that the maximum stress is reduced. 
For example, Fig. 4 illustrates cutting two additional notches 
next to a crankpin fillet. These additional notches reduced 
the critical stress 18 per cent and provided a 10 per cent 
improvement in endurance-limit stress. 

Another case of similar improvement was obtained by 
shot peening the critical fillets of the crankshaft. Fig. 5 
shows that 12 per cent improvement in endurance limit ts 
obtained by shot pecning. Since these two curves tend to 
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converge at the higher stress, it is obvious that shot-peening 
is of less value if a part is operating in the finite portion 
of the S-N curve. 

Fig. 6 shows the effect of a carburized case on the bend- 
ing fatigue strength of an axle. Admittedly this method is 
not a very practical application here; however, an improve- 
ment of 50 per cent in endurance-limit stress warrants its 
consideration in some problems. 

One of the most surprising improvements we have ob- 
tained to date in the elimination of bending-fatigue failures 
is by induction hardening. As shown in Fig. 7, induction 
hardening a 10¥2-in length in the critical bearing area raised 
the endurance limit stress from 20,000 to 37,500 psi. Since 
this moved the point of failure from the bearing shoulder to 
the end of the induction-hardened area, the length of the 
induction hardening was increased from 10¥2 to 14¥2 in, 
raising the endurance limit to 42,500 psi, or more than 100 
per cent improvement over the regular heat-treatment. It is 
believed that induction hardening provides a compressive 
residual stress which partly nullifies the effects of sharp 
notches, since the improvement obtained is more than can be 
expected from the increase in hardness. The same percentage 
improvement has been obtained by induction hardening 
different sizes of axles varying from 242 to 3 3/16-in 
diameter. 


EXCEPTIONAL RESULTS BY INDUCTION HARDENING 


Some rather exceptional results have also been obtained 
by induction hardening gears after they have been carburized 
and air-cooled. Fig. 8 shows the results of laboratory gear 
test machine results comparing 1022 F steel carburized, air- 
cooled and induction hardened, with 1050 F steel induction 
hardened only and with 8620 H steel carburized and direct 
quenched. The endurance limit of the carburized, induction- 
hardened gears has been better than carburizing or induction 
hardening in every case we have tested to date. 

While not evident from the S-N curve, the carburized, 
induction-hardened gears had no pitting after 5 million 
cycles at 85 hp, whereas the plain induction-hardened gears 
were badly pitted after 3 million cycles at 70 hp. 

Summarizing the results of the various fatigue tests, the 
following conclusions are made: 

1 No measurable improvement in fatigue strength ts 
obtained by substituting alloy steel for carbon steel as long 


as the same hardness is maintained. 


2 Where sharp notches are involved, no appreciable 


improvement in fatigue strength can be obtained by in- 
creased hardness. 

3 Hot straightening provides no appreciable improve- 
ment over cold straightening. 

4 Increasing hardness from 241-286 to 331-401 Brinell 
improves endurance limit 11 per cent where an improved 
fillet replaces the severe notch. 

5 Additional grooves can be cut in the vicinity of a 
severe notch to reduce maximum stress and to increase the 
endurance limit 10 per cent. 

6 Shot-peening increases the endurance limit 12 per 
cent but does not provide as much improvement in fatigue 
life at stresses above the endurance limit. 

7 Carburizing, where applicable, can improve endur- 
ance limit in bending by 50 per cent. 

8 Induction hardening improves endurance limit by as 
much as 100 per cent over regular heat, quench and temper. 
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9 Carburized, induction-hardened gears have provided 
higher endurance limit and better resistance to pitting than 
plain induction hardening or carburizing and direct quench. 

The percentages of improvement in fatigue life shown 
in these conclusions apply only to the particular parts tested, 
however, these results can profitably be used as a guide in 
the prevention of fatigue failures of similar parts. 


Electronic Ventilation Control 
(Continued from page 827) 
temperature control in the air duct and ts set by the variable 
resistor. The two polarized relays are connected to the power 
relay in series. 

The three thermistors which serve as the temperature 
sensing elements for the differential and minimum ther- 
mostat circuits are encased in 12-in diameter molded plastic 
rods. The plastic rods are integrally molded to co-axial 
cable connectors, and the thermistor leads are soldered to 
these connectors. This arrangement provides for easy re- 
placement of thermistors, thermal damping of the thermistor 
response sensitivity, and protection of the thermistor from 
moisture which would affect its acuracy. 

The Western Electric 9A thermistors used were chosen 
for their high “cold resistance’ (31,500 ohms at 25 C) and 
their high temperature coethcient of resistance (-4.4 percent 
per degree C at 25 C). The high temperature coefficient 
provides high circuit sensitivity. The high cold resistance 
minimizes the effect of resistance in the connecting wires. 

The modified control unit furnishes all controls neces- 
sary for storage ventilation in one ‘package’. Some of the 
outstanding features of such packaged ventilation control 
are: 

1 Freedom from restriction in locating the sensing ele- 
ments. The differential thermostat sensing clements need 
not be placed at the same level as is necessary with industrial 
vapor-filled differential thermostats. 

2 Remote location of control circuit. Up to several 
hundred feet of connecting wire might be used to connect 
the sensing elements (thermistors) to the control panel. 
This arrangement not only makes servicing easicr but allows 
placement of the control panel (with indicating pilot lights) 
in an area where intermittent observation of the control 
system is convenient. 

3 High accuracy and sensitivity. 

4 Elimination of special wiring for a control circuit. All 
connections might be of the plug-in type. 

5 Adaptability. By choosing two thermistors which 
have the same temperature coefficient of resistance, but 
slightly different total cold resistance, it is possible to pro- 
cure a differential which will vary with the ambient temper- 
ature. With such an arrangement it would be necessary to 
insert a resistor, in the one bridge arm, in series with the 
thermistor which had the least total cold resistance. The 
value of the resistor would have to be of an order which 
would equalize the total resistances of the two thermistor 
arms of the bridge at the ambient temperature where a 
minimum differential was desired. Such an arrangement 
might be used to provide for ventilation of a storage with 
outside air at 40F, if the storage were at 42F, and yet 
prohibit ventilation with outside air at 55F unless the 
storage temperature were 6OF. 

6 Safe “failing” characteristics. In the event of power 
failure, the control will always fail “safe”. 
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HERE are so many variables involved in determining 
land values that it is impossible to tell by means of 
any mechanical device, how profitable a given piece 

of land may be. But changing circumstances alter the situa- 
tion from day to day, and it has been found that income- 
producing characteristics of soil may be related to physical 
characteristics that can be measured with rather simple tests 
and a device known as a soil penetrometer. 


a ak ee "we, San 


Such variables as geologic formation and geographic 
location must be treated separately and common sense with 
good judgment are necessary in the selection of good 
farm land. 

Be Increasing population and the need for greater mechani- 
S zation of farming operations require higher standards of 
ethciency. We must not be satisfied with low yields and 
farm products of inferior quality. 


If then some relation can be found between natural 
phenomena and factors affecting yield and quality, it is 
important to determine and make use of that relation. 

SS There is such a relation between soil compaction and its 
k ability to absorb and retain moisture. There is also a relation 
between soil compaction and the force required to push a 
probe into it. Thus, in a round about way, we may deter- 
mine how much of the rain which falls on a given area 
will run off and how much will be available to promote 
plant growth. 


Readings of a soil penetrometer may be related to other 
soil characteristics, but the problem of soil productivity 1s 


This paper was presented at a meeting of the North Atlantic 
Section al he American Society of Agricultural Engineers at Farm- 
ingdale, N. Y., September, 1953. 

The authors — C. W. Terry and H. M. WILSON — are, respec- 
tively, professor of agricultural engineering and extension soil con- 
servationist, Cornell University. 
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Sketch of Cornell soil penetrometer. (a) Arrangement for plotting 
of the distance penetrated into the soil. (b) Arrangement for plot- 
ting the force required to secure the penetration. (c) Probe point 
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The Soil Penetrometer in Soil Compaction Studies 
C. W. Terry and H. M. Wilson 


so complex that a penetrometer would be of little use to 
one not well-versed in agronomy. 

The Cornell soil penetrometer* was devised to help dem- 
onstrate the dangers arising from some more common farm 
tillage practices, and to permit rapid accumulation of data in 
the field. It was thought that the commonly used hammer- 
type instrument was too cumbersome and required too many 
man-hours for taking and interpreting data for any but 
exacting scientific studies. The Cornell penetrometer is 
compact, light and easy to operate. The later model uses 
an automobile valve spring to measure the force. For some 
of the work on Long Island during the summer of 1953 a 
model was constructed, the probe of which could penetrate 
about two fect of soil. This meant reducing the pencil travel 
to one-half the actual depth of penetration. 


The Cornell penetrometer was first demonstrated at a 
county agent training school in December, 1952. Since that 
time it has been used in thirty-eight counties before audi- 
ences of from 100 to 500 people. Following each of these 
uses many requests were received from farmers who wanted 
their ficlds examined. Most of these requests have been 
given attention and the results have greatly increased our 
knowledge of the nature and extent of the soil-compaction 
problem in New York state. 


At ficld events compaction is demonstrated by testing 
the penetrability of a soil before and after a tractor is run 
over it. Unfortunately most of the teaching by extension 
workers is done in the winter months when field work is 
impossible. Therefore, it was necessary to set up a demon- 
stration that would simulate ficld conditions as closely as 
possible. An experiment conducted and reported by Free 
was selected for reproduction (Free, G. R. et al: “Com. 
pactibility of Certain Soils as Related to Organic Matter and 
Erosion’). In this study it was found that the volume 
density of a Honeoye soil was increased from 1.35 to 1.50 
by running a tractor wheel over it. The degree of compac- 
tion was the same when the test was conducted under dry 
and wet soil conditions. However, while the permeability 
of the soil was reduced when it was packed under dry 
conditions, it was affected to a far greater extent when the 
tractor was run over the ground when it was wet. This ts 
shown in the following table: 


TIME REQUIRED FOR 1.4 IN OF WATER TO PENETRATE 
SOIL OF VARYING MOISTURE CONTENT 


Volume weight 


of soil Moisture content 
(water 1.0) 18 percent 21 percent 24 percent 
1.35 2 min 2 min 4 min 
1.50 40 min 40 min 3960 min 


In using the results of this experiment for a demonstra- 
tion, soil is packed into a 6-in pipe to a volume density of 
1.35 and probed with the Cornell penetrometer. (The 
method of calculating soil density is shown in the appendix 
to this paper.) With soil at this density only about 25 Ib 
of weight is required to force the probe rod down to a 
depth of 13in. A hydraulic (Continued on page 834) 


* AGRICULTURAL ENGINEERING, vol. 33, p. 425—July, 1952. 
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Performance of Dairy Plant Receiving Rooms 
Carl W. Hall 


MEMBER 


QQUIPMENT ts often selected which is larger than 
necessary for the cthcient operation of the receiving 
room of a dairy plant, and which requires additional 

investment, more building space, and more labor for clean- 
ing than necessary. Also, other plants have equipment 
which ts smaller than necded for the efficient operation of 
the receiving room, and requires more labor than is neces- 
sary. This paper describes methods which may be used to 
select the proper size of equipment for dairy and other milk 
processing plants. 

Nine dairy plant receiving rooms in southern Michigan 
were studied from the standpoint of the efficiency of labor 
and equipment. A time study was made of cach operation 
in the receiving room and used for establishing standard 
times (Table 1). 

The receiving room of a dairy plant contains a conveyor 
for carrying the milk in 10-gal cans into the plant, weigh 
can, receiving tank, can washer, and an outgoing empty-can 
conveyor. A clarifier and storage tank are often placed 1 
the receiving room. 


TABLE 1 STANDARD TIME FOR RECEIVING 
OPERATIONS 


(Dumper checks for quality unless otherwise specified ) 


ROOM 


A For one-man operation Time, min 


0.100 
0.140 
0.070 


Dumping time per can 
Weighing, recording weight, emptying weikh can 
Sampling time 


B For two-man operation 
1 One man dumping, one man weighing and sampling 
Dumping time per can 


Time for weighing and sampling between producer 
ae Sear tie nate ee . «0.060 


0.091 


2 One man dumping and weighing, one man sampling 
Dumping time per can 0.100 


0.130 


Time for weighing by dumper . 


For three-man operation 

1 One man dumping, one man weighing, one man 
sampling 
Dumping time per can 


Time for draining weigh can between producer 
Me. & «2 «© © w» « « « GOR e00060 


0.091 


2 One man dumping, one man loosening lids and check- 
ing for quality, one man weighing and sampling 
Dumping time per can 
Time for weighing and s ampling between producer 

a eas ; . 0.060 


0.091 


Conveyor. The length of conveyor in the different 
plants varied greatly. The length of the incoming conveyor 
varied from 20 to 45 ft, and the length of outgoing con- 
veyor varied from 60 to 100 ft. An analysis was made to 
determine the optimum length of conveyor required (Fig. 
1). It was based on receiving 100 10-gal cans from a 
truck load, with the trucker unloading cans and loosening 
lids at the rate of 7 cpm (cans per minute). Two minutes 
were allowed for moving the truck to the empty-can con- 


This paper was prepared expressly for AGRICULTURAL ENGI- 
NEERING. Authorized for publication as Article 1563 of the Michi- 
gan Agricultural Experiment Station. 

The author—Cart W. HALt—is associate professor of agricul- 
tural engineering, Michigan State College. 
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veyor from the unloading position. A conveyor speed of 15 
cpm was assumed. The time for emptying the cans for 
different incoming conveyor lengths of from 0 to 90 ft for 
different dumping rates was calculated and plotted. The 
total length of conveyor was obtained by adding the incom- 
ing conveyor length to the empty-can conveyor length 
necessary so that the dumping rate was not slowed down 
because of an accumulation of empty cans on the conveyor. 
The empty-can conveyor includes the length of the washer. 

A very important relationship exists between the con- 
veyor length and the time required for dumping when the 
dumping rate 1s above the 7 cpm rate at which the cans are 
placed on the conveyor by the man unloading the truck. For 
example, for a dumping rate of 10 cans per minute, the 
dumping time for 100 cans is reduced from 12 to 10 min 
as the conveyor length is increased from 30 to 60 ft (cans) 
on the incoming side. A total conveyor length of 138 ft 1s 
required for a 60-ft incoming conveyor and a total length 
of 130 ft for a 30-ft incoming conveyor. As the incoming 
conveyor length is increased from 60 to 90 ft, the total con- 
veyor length ts decreased to 126 ft. 

Assuming that the dumper does not start to empty cans 
until the incoming line is full, this relationship is explained 
as follows. As the incoming conveyor is lengthened, the 
number of cans remaining in the truck for the trucker to 
unload is decreased. Thus the trucker can unload the cans, 
move the truck to the empty-can conveyor, and remove cans 
from the empty-can conveyor sooner than if a short incom- 
ing conveyor is used. 

When both gravity and power conveyors are used, there 
is. a tendency for the cans to lodge at the junction of the two 
conveyors. To prevent pinching of the cans while dumping, 
they should be dumped at right angles to the incoming 
conveyor. 

Wergh Can. The milk is dumped from 10-gal cans into 

large can in which the milk is weighed and sampled. 
These cans, called weigh cans, are normally manufactured 
in approximately 500-, 750-, and 1000-Ib sizes. It would 
be desirable from the labor standpoint to have a weigh can 


CAN DUMPING RATE 
2 
6 CPM 


MINUTES 
FOR Tg 
100 CANS 


NUMBER REPRESENTS TOTAL CONVEYOR LENGTH NECESSARY, 
INCLUOING CAM WASHER, CANS 


'5 30 a5 60 90 
LENGTH OF INCOMING CONVEYOR 


Fig. 1 Relationship of dumping time and conveyor length (in feet 
or cans) for different lengths of incoming conveyor and different 
dumping rates 
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which holds all the milk of any one producer, so that it 
would be necessary to weigh and sample each producer's 
lot only once. However, the larger weigh cans cost more 
and may be uneconomical for a small plant or for a large 
plant with a small number of large producers. 

For dairy plants as large as 80,000-Ilb per day capacity, 
the 750-lb weigh can will suffice in areas where there is an 
average of five or fewer cans per producer. Fig. 2 was 
developed to compare the costs for 500-Ib and 750-lb weigh 
cans for different sizes of dairies. This chart relates the 
number of producers over 500-lb, the cost of replacing 
(including installation), the 500-Ib with the 750-Ib weigh 
can, to the years required to pay for the added cost by the 
labor saved. It applies to a one-, two-, or three-man receiv 
ing-room operation. 

Per cent of milk Years to pay for with 


received in lets hourly tober et 
less thon 500 Ib $\.75 $2.25 
4 


50 


100,000 


Replacement 
Cost, Dollars 


Bum soe 


¥ 
° 
80,000 4 
a 
s 
3 
Milk 60,000 
Handied 
Dotty 
Pounds 
40,000 
2 
20,000 
1.5 
| 
1 
I 
! 
| 
I 
| 
| 
| 
| 
t 
t i] 


Fig. 2. Chart for determining years required to offset 
additional cost of 750-lb weigh can in comparison 
with a 500-lb weigh can by labor saved 


The use of Fig. 2 in determining whether the existing 


500-lb weigh can should be replaced with 


away can washer 1s commonly used in dairy plants with 
capacitics over 20,000 Ib per day but is recommended tor 
plants as small as 10,000 Ib per day. The straight-away can 
washer is sold in sizes ranging trom 6 to l4cpm. A can 
washer should be selected which will permit the maximum 
rate of dumping which ts shown in Table 2. 

The one-man operation ts much more ethcient than mul 
tiple-man operations for receiving rooms. One man can 
easily handle 80,000 Ib of milk per day with equipment 
which is properly selected and arranged. A multiple-man 
receiving room operation is justified to speed up the rece 
ing operation in order to assure continuous processing. 


TABLE 2) RATE OF DUMPING (CPM) FOR MANUAL 
WEIGHING AND FITHER VACUUM 
OR HAND SAMPLING 


Average number of cans dumped per minute for 


Workers in producer of 


receiving room 2.5 cans 5.0 cans 7.5 cans 16.0 cans 
1 5 IF von 7.6 8.2 
2 8.7 9.7 10.0 10.4 
3 8.9 10.0 10.5 10.9 


A can washer should be selected which has an operating 
capacity larger than the dumping rate of the worker as 
shown in Table 2. The sizes of can washer required to 
permit the can dumper to attain the maximum dumping 


2 


rates are shown in Table 3. 


TABLE 3 DUMPING RATE OBTAINABLE WITH DIF- 
FERENT SIZES OF CAN WASHERS, IN CPM 


(Manual dumping, five cans per producer) 


Can washer One-man Two-man Three-man 
size, cpm operation operation operation 
6 5.5* 5.6 5.8 
8 6.1 7.3 Ne 
10 7a 8.9 9.5 
12 7.1 9.7 10.4 
14 EP | 9.7 10.3 


*The calculated value is 5.0cpm. However, an operator was 
able to obtain 5.5 cpm by moving a can into the washer with an 
extra movement of his arm between the time of sampling and time 
of recording the weight. 


From these data it is evident that the 10-cpm washer 
will suthce for a typical one-man receiving operation where 
five or less cans are received from a producer. One man can 
manually dump, weigh and record 7.1 cpm. A 10-cpm 
straight-away washer permits a dumping rate of 7.1 cpm 
for a five-can producer (Table 2). 


the 750-Ib weigh can is illustrated by the TABLE 4 OVER-ALL LABOR EFFICIENCY OF RECEIVING ROOMS 
A é gs , : (Manual weighing and recording ) 
following example. A dairy plant is recetv- Actual tiles nanan Major 
ine 3 4) + oa ere performance, Cc er P rduc " : 
mg GS a ak ey eee pee pa" (Cate Oe” Men a 
of the milk in less than 500-Ib lots, as shown —190 cans for100cans — obtained ~— washer, epm for 100 cans tasks* delays 
by A in Fig. 2. The replacement cost for the My he He 1 (a) 
e! : , . ° ° 1.6 ’. 2 4. -) 
750-lb weigh can is $350 (including cost of 1 218 16 8 14.1 A (c) 
installation) with labor at $2 an hour, as 1 18.2 ‘4 6 14.1 A (d} 
oe aa ote ; 2 30.4 6.6 7 20.6 Bi) (e) 
shown by B. Along line AB extended, locate > 0 .7 a ope Bi?) (f) 
C at the appropriate hourly rate and read 3 34.2 8.8 14 30.0 C(2) (g) 
3.6 years to pay for the 750-lb weigh can. 3 31.2 9.6 13 300.0 C(1) (h) 
Even though the normal life of the weigh (a) Low capacity clarifier, cans not supplied to dumper rapidly enough, can 


can is 12 years, the dairy should plan to pay 


washer lid discharge not functioning properly 
(b) Can washer lid feed not functioning properly, cans pinched while dumping. 


for the new equipment by the labor saving (c) Vacuum sampler used inefficiently. 
within six years, to avoid the possibility of (d) Small can washer. 
loss through obsolescence. Therefore, re- (e) Cans supplied to dumper too slow, small can washer. 


placement of a 500-lb weigh can would be 
justified. Fig. 2 can be used for the selection 


(f) Same person dumping and weighing ; sampler should weigh. 


(g) Cans supplied to dumper too slow for multiple-man receiving room, man 
loosening lids not fully occupied. 


of a new weigh can. (h) Cans supplied to dumper too slow. 


Straight-Away Can Washer. The straight- 


*See Table 1 for description of worker's tasks. 
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To reduce milk waste, a drip pan should be placed 
between the weigh can and washer to collect the milk 
which adheres to the can. For a 10-cpm washer, a draining 
space for four cans is recommended, so that a time for 
draining of 0.40 min is provided. 

Rotary Can Washer. A rotary can washer that is built 
with capacities from 3 to 6 cpm is recommended for small 
plants. One man can conveniently handle 5.86 cpm into 
and out of the rotary can washer. It is usually necessary to 
carry the cans away from the washer, in which case a 3-cpm 
unit will usually suffice. 

An analysis of economic factors in the use of the rotary 
and the straight-away can washers based on 1952 prices 
showed that the rotary can washer should be-used in a dairy 
plant receiving room having a capacity less than 10,000 Ib 
per day. Over the past 15 years the rotary washer has been 
recommended for a plant of 20,000 Ib per day and less. 

Over-all Efficiency of Receiving Room. The over-all 
labor efficiency in the receiving room can be expressed in 
terms of man-minutes required to handle 100 cans. These 
100 cans represent an average truck load. The results of 
several dairies which were studied are listed in Table 4, 
with the theoretical expected labor requirements for the 
number of men being employed for the operation. The 
major causes for delays are listed under Table 4, which 
illustrate the main difficulties in the receiving room. Each of 
the major pieces of equipment, the conveyor, weigh can 
and can washer must be properly selected, arranged, and 
used for an efficient receiving operation. 


Soil Compaction 

(Continued from page 831) 
jack is then used to compact the soil to a density of 1.50 
after which it is again probed. The results are somewhat 
dramatic since about three times as much weight is now 
required. Possibly the most important result is that pressure 
of the jack on the surface compacted the entire 13-in depth 
of the profile that is reached by the probe. This fact is 
stressed since it shows that the compaction which may be 
developed by wheel traffic extends far below plow depth. 
Therefore, compaction will not be removed by subsequent 
tillage operations. Free’s data showing the effect of com- 
paction on permeability are then placed on a blackboard and 
discussed. The demonstration is concluded by summarizing 
the following points: 

1 Excessive soil compaction reduces water intake and 
crop yiclds. 

2 It is difficult to loosen compacted soil since it extends 
deeper than the furrow slice and deep-tillage implements 
seem to have little lasting effect. 

3 Prevention is better than cure. 

4 To prevent soil compaction, (a) do not work soil 
when it is wet, (b) do not overfit a seedbed, (c) avoid 
unnecessary wheel traffic, and (d) maintain a reasonable 
level of soil organic matter. 

The Cornell penetrometer, which makes it possible for 
people to see what is taking place, is responsible for the 
attention which this demonstration has received. The self- 
recording feature of the penetrometer also facilitates 
research studies since no time-consuming calculations arc 
required. To check the accuracy of the findings core samples 
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have been taken on numerous occasions and tested for 
permeability and volume weight. In all cases it was found 
that differences shown by the penetrometer actually existed. 
For example, in one potato field probing the soil in wheel 
track rows required 20 Ib more pressure than was needed 
in the non-wheel rows. Laboratory tests showed the perme- 
ability rate of the former to be less than half that of 
the latter. 

However, the penetrometer like other devices has its 
limitations. The most accurate results are obtained when the 
moisture content of the soil is about 20 percent. In satur- 
ated soil little force is recorded even on compacted soil. 
Under dry conditions the soil may be so hard that the probe 
cannot be entered. This difficulty could be overcome with 
heavier machine operated equipment. Areas to be compared 
should have nearly the same moisture content. No con- 
clusions can be reached by comparing the results obtained 
on a sandy soil with those found on a clay soil, since there 
is a natural difference in volume density and other physical 
properties. Under stony conditions it is desirable to make 
several tests and average the results. 


SUMMARY 


The Cornell soil penetrometer is effective in demon- 
strating the cause and effect of soil compaction and is useful 
in research and exploratory studies. Its principal advantage 
over hammer-type penetrometers is that it is self-recording 
and no calculations are needed to interpret results. It is an 
excellent teaching device. The results obtained in field 
studies seem to be reliable. An elementary knowledge of 
soil physics and a little common sense are all that are 
required to use it. 


APPENDIX 
ONE METHOD OF CALCULATING SOIL DENSITY 
By Hugh M. Wilson 
Soil density, or compaction, is measured by comparing the weight 
of a given amount of soil with the weight of the same volume of 
water. When a given amount of water weighs 1 Ib, the same volume 


of dry soil may weigh from 1.25 to 1.60 lb, depending upon its 
organic content, texture and degree of campaction. 


The following figures and calculations were used to determine 
the volume weight of soil in a test pipe: 
The cross section area of the test pipe = 30.3 sq in 
Volume of 18-in length of the test pipe = 527 cu in 


One cubic foot of water weighs 62.5 lb 
One cubic foot of soil (volume weight, 1.25) 78.1 Ib 
One cubic foot of soil (volume weight, 1.30) = 81.3 lb 
One cubic foot of soil (volume weight, 1.35) 84.4 lb 
One cubic foot of soil (volume weight, 1.40) 87.5 Ib 
One cubic foot of soil (volume weight, 1.50) 93.8 Ib 
One cubic foot of soil (volume weight, 1.60) = 100.0 Ib 


The weight of soil in one linear inch of the test pipe was deter- 
mined by proportion. For example, a cubic foot (1728 cu in) of 
soil with a volume density of 1.25 would weigh 78 lb. Therefore, 

1728 : 29.3=78: x ;x=1.32 


The following table shows the volume density when a given 
amount of soil is packed into the tube at varying depths: 


Weight Pounds of soil in tube at varying depths 

Volume lineal and rates of compaction 

weight inch 13 in 14 in 15 in 16 in 17 in 18 in 
1.00 1.06 13.8 14.8 15.9 17.0 18.0 19.1 
1.25 1.32 17.1 18.5 19.8 21.1 22.4 23.8 
1.30 1.38 17.9 19.3 20.7 22.0 23.3 24.8 
1.35 1.43 18.6 20.0 21.5 22.9 24.3 25.8 
1.40 1.48 19.3 20.7 Ze.2 23.7 2o.2 26.6 
1.50 1.59 20.7 22.3 23.8 25:3 27.0 28.6 
1.60 ‘7 22.0 23.8 25.5 ata 28.9 30.6 
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' Water Storage Efficiency 


Vaughn E. Hansen 


MEMBER ASAE 


UCH good has resulted from the concept of water- 

application efficiency defined by Israelsen (1) *, as 

“the ratio of the volume of water that is stored by 
the irrigator in the soil root zone and ultimately consumed 
(transpired or evaporated or both) to the volume of water 
delivered to the farm.’ Israelsen’s proposed formula is 

E,=100 (W./W;) 

in which E, = water application etficiency 

W’,= irrigation water stored in the root zone of the 

soil on the farm 

W’,= irrigation water delivered to the farm. 
This formula focuses attention on the efficiency of applica- 
tion — a subject needing considerable attention in most irri- 
gated areas. 

The author proposes to go a step further, without 
neglecting the importance of water-application efhciency, 
and focuses attention upon the efficiency of storage of water. 

Indications of inadequate water storage can be observed 
readily in traveling through almost any irrigated area. Dry 
spots in irrigated fields, evidenced by wilted foliage result- 
ing from poor water distribution are all too common. Lack 
of uniformity of vegetative cover is another indication. The 
results of poor distribution of irrigation water are serious 
enough to justify land leveling costs of from $50 to $100 
or more an acre to improve the distribution. It doesn't take 
many low-production areas in a field such as shown in Fig. 
1 to wipe out the farmer's profit. 

Even though uniform distribution of water is essential 
for efficient irrigation practices, we have not yet developed a 
quantitative method of evaluating the completeness with 


This paper was presented at a meeting of the Rocky Mountain 
Section of the American Society of Agricultural Engineers at Lara- 
mie, Wyo., April, 1953. It is a report of the research developed 
under the Research and Marketing Act, Project W-9, cooperatively 
with the Utah Agricultural Experiment Station, the irrigation divi- 
sion, Soil Conservation Service, and the Bureau of Plant Industry, 
Soils, and Agricultural Engineering, U.S. Department of Agriculture. 


The author — VAUGHN E. HANSEN — is irrigation engineer 
(BPISAE), U.S. Department of Agriculture, and research associate 
professor, Utah Agricultural Experiment Station. 


*Numbers in parentheses refer to the appended references. 


which we have filled the soil-moisture reservoir. Water- 
application ethciency evaluates the application in terms of 
how much water was used over and above what was 
required. The following development proposes a quantita. 
tive evaluation of the adequacy with which we fill the soil- 
moisture reservoir during the irrigation. 

Attention is focused upon the storage ethciency through 
the use of the following formula to evaluate the water- 
storage ethiciency: 

E.=we(P JP). 2. 6 sw « » FA] 
in which E, = water-storage efhciency 
W’, water stored in the root zone during the 
Irrigation 
W”,, = water needed in the root zone prior to the 
irrigation. 


It will be noted that the definition of water-storage eth- 
ciency does not concern itself with the water which ts not 
stored in the root zone. The entire attention is focused upon 
how completely the root zone ts filled by the irrigation 
water. The denominator of the water-storage ethiciency 
formula is the water needed in the root zone prior to 
the irrigation. 

Equation {1} modified into the following form will be 
useful in a rapid field determination of water-storage 
efficiency : 

A—ae 
E, = 100——— 
A 


or E,=100 (1—ae/A) oe ea 
in which E, =the water-storage efficiency 
A =the total area of the irrigated field 

a~area of the field receiving a deficient irrigation 

e=ratio of the moisture deficiency in the root 

zone of the soil following the irrigation to 

the moisture deficiency prior to the irrigation, 

If sections of the field received varying amounts of 

water, then let a), dz, ds,... di... d, = areas of the field 
receiving a deficient irrigation and @), é2, &s,... @... en 


Fig. 1 Low production caused by salt accumulation due to poor water distribution efficiency 


> 


* Sia iste 1 RR oe Pace : r. | Pe a SS ee gan Bese a erg = lie ae 
a. _ aie ok Sere ae nee 1.) aed Ce Sia & Se | ae : oes ks, 
: » ees ‘ ae Sake ide ae Bee arses ree Seca eee a iia ee ae 7 Oboe mee reg \ 
a = q By Ge en ee petest, SE a tege Sa eee eee tee Bacteria ae ri | aes Hes 2 
Reese are 5 pba iui sa | Ohi, se oe Sapte Piha m Mineo i ata We 
ee 
+ 
a 
a 
é a ES Boa Ae elie ll RRR 5 : 
: Eig 7 ae Ee oa aah jean eal fi ER - 
5 SA yy ee “ “ , =. 
er) ag. a eaten. es ee a Et te eet apie as Ney pecan eee eine CY " cing ¢ we Rie ‘ 
jeans Se ee ee BEREAN Erne Wes oo ot: lo Sar elena eS a eat jai Moja rT 
9 ed Bae od py See i (ps. py a ree beh aaa wscaierc: Tey Ser ac BE fan f 
pts _ A CO a, ga eS ae MP. cot ie rs a el hi ¥ & iF %* a" iy ae ee ee ‘ eae 4: ed) A eae hah : j 
Fiala os-2-s 20 ak get Sg ° gc A. As tla, ee ON ee it mS : ; 
@ Big: Bek eae er FO et ff 2 te... ag Sie Pp OL Sipe Me wee To ; 
mae gigs BP rss 3 aa ie ” al ae AD Bs rh as ia "vie. Soa aces Ts, cite 5 Sa ’ ae a “er as 
Oa Dens Mange ee ss y " a te al ; ae ~" Ma ani aad. ee a ee I tie Pai r 
Ce ee hg re 22, ee ie OS ee See bi : 
ae Se ee aa le ad Sak mewn Ramet oe: ee er ae ag Oey *: ; a ey ling ee OR i ha ears ee eae 
; See FL ge, ot eet on fee aN! : 4 Me i ae a. 6, hy = AT ay saat, AE tee "ety Ye § : ; 
nae Pe ; oe . Pe ee 4 we Se ha et Bae pa. 4 Os ee Le & Pista aia Be nelle as 
, HE fg ae Se et ea, Je Ck Pe a Se RTD ys Sie Ca Se ges BSS ‘hee 
il a Sng eae o % ‘ ee, es eo eee Are a se Pi geet he ee ESS OE ; 3 
ee 3 Pane se lee Bag Lan ae eee CE See ac 7. PG manna 
an eae yee ES Be. brn So Nees Ghee, ity tes 1 | 
eres ey] gine ge ey + eee. SS ae Nay 1 SA GS LASS a ee ee aol! 
: gers Ri eS ape ria te Peg rage ee: ae ips a oa iP 0 Ss, SL ei ee 4 a 
‘ ae e- 3oy ¥ P: £2; ruta ms 3 I MS, lei al a Gee a ee 
ee ee a (eae jag ot tg WY ae A Mer Se ey Rs CES Whe ee 
: ie! 13 oe Raa 4 et. eae “fet.” yee es + eRe) ay ‘ee Beast ee: bad 
a a, od ae ra: oa bata ye ‘ a: ae A ts ae ea. ie ; in TT heb oe a a 
; : be Gre de hiae ~ oy Sa i P roe “a > ie ¥ i ed a ieee ee ‘ens Sia iS Sean ‘ee: ’ 
+ oo ae LO ge. sae a" ri Ni oe oy he Se -. me = +. ee Be Py. axe - Pid ee ; 
i ot me: eee BNE, Oeacs | {Rae ee Rais BP en. | an wT 
: wees ye Me Pa - Sarees ; s Wp ? ee ° See ae Sook Ee pee . ae, Cie et tee » tgs cael 
7 Bee ee es Bier toy ae Rae i Y 
; ‘ ae Sg ag, > & %Y RN eas 
a — 
: vin: 
. 
a Oe . im a. \ 
" en ee re 
Pe nin... eal 
Poe “Geer ee kl AO PS ia a ae 
oe ee 4 elle Sy eer irate a) a ened or Se! 
le i> me eeae ee On weet ae, Pa “ee ao es : . ? 
po ae eer ve 10 OU ea ee Ee ee ee ee 
a iph Be ee aS SUM Oe.) -( DW ge ce ee eae | 
Res Teo a oe vite { eae io 2, ee pee eect Pa Ste iad amma y ores i 
oye os ae iegereed gee Et ae Ba a ack | Pe ae tige 2: aes V ia ee a i . 
aa Pw oe See eta 1, ate ee eee cs Ten é re Sat oe) 
zx SLRS ie ies 2 ey 2 ci eb . ae dics : eae 


846 


the ratio of the moisture deficiency in the root zone of the 
soil following the irrigation to the moisture deficiency prior 
to the irrigation on areas a1, dz, da, ... di... Any respectively. 
Then the equation for water storage efficiency can be ex- 


pressed in the more general form as 


” 
2 ae/A) 
I 


E,=100 (1 


{3} 


As an example of the use of the above formula, suppose 
six acres were to be irrigated, and the needed depth is 4 in 
of water in the root-zone soil. If two acres of the six received 
only a 1-in depth instead of the needed 4 in, then the water- 
storage efficiency would be, using equation {1}, 


E.= 100: (7 .j¥.») 
100 (4% 4+2*1)/(6X4) 
E,—75 percent 
100 (1—ae/A) 
100 (1—2 X 4/6) 


or using equation {2}, E, 


E,—75 percent 


To assist in evaluating water-storage cthiciency, it 1s sug- 
gested that the following concepts be kept in mind. Of 
considerable practical significance, both to the field  tech- 
nician and often to the researcher, is the fact that a precise 
evaluation of irriation ctficiency usually has little regional 
value. A good estimate of the average efficiency in an area 
and an estimate of the general condition related to this 
ethciency is far more valuable than a few “precise” measure 
ments on given farms that in themselves may not be 
representative of the areca because of operational, cultural, 
topographic, or soil conditions. The word “precise’’ is used 
with quotation marks because detailed studies have shown 
that today even the best methods for determining soil 
moisture when applied to a field scale involve considerable 
experimental and sampling error. 

It should be stressed that, in general, to be able to deter. 
mine the ethciency of irrigation to within +15 percent on 
a large number of locations and hence obtain a representa- 
tive farm area ts more valuable than to determine the 
ethiciency to within +5 percent on a few farms that may 
not and probably are not representative of the region. 
Those using the concepts of irrigation cthciency should keep 
constantly in mind the reason for determining efhiciency, the 
accuracy of that determination, and its application. 

Applying these concepts to water-storage efficiency, it is 
seen that considerable time and energy could be expended 
determining the “exact” size of each differential area; it ts 
casy to sce that one could waste a great deal of time accu- 
mulating data that had littke meaning. On the other hand, 
the person looking at the field as a whele could see a 
definite, rather distinct, pattern of water-storag~ efficiency. 
The area involved could be estimated by pacing and the 
extent of the moisture deficiency determined in the field 
with the soil auger and chart relating the appearance and 
feel to the approximate soil moisture. For most practical 
purposes an estimate of the water-storage ethiciency could 
be made on a ten-acre field in an hour or less. In general, 
farm irrigation practice is not developed to the stage of 
perfection demanding ‘precise’ measurements of irrigation 
efficiencies ; estimates usually leave ample room for improve- 
ment of irrigation practice. 
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EXAMPLES OF USE OF STORAGE EFFICIENCY 

There are several types of irrigation practice in which 
the efficiency of storage is an important measuring stick. 
For instance, in sprinkler irrigation is noted for uneven dis- 
tribution and insufficient application to fill the root zone 
with the required water are major problems. Since there is 
no runoff and usually slight deep percolation loss, the water- 
application efficiency 1s high; however, the irrigation practice 
might be poor resulting in poor yields because of failure to 
apply sufficient water to fill the root zone. Consequently the 
water-storage efficiency would be a better measure of the 
irrigation practice in this case than would water-application 
efficiency. 

Another case where water-storage ethciency becomes 
exceedingly important is on those lands of uneven topog- 
raphy, inadequate water control, poor management, or 
combinations of these conditions resulting in uneven sur- 
face distribution. 

On lands having a salt problem, it is good irrigation 
practice to apply more water than is needed to fill the root 
zone. The excess water moving beyond the root zone carries 
dissolved salts with In this case low water-application 
cthciency 1s encouraged. However, of just as vital concern 
is that all portions of the field receive more than enough 
water to fill the root zone. Poor distribution from which 
part of the field received insufficient water to fill the root 
zone would probably result in a serious salt problem on that 
portion of the field. Low-production areas due to inade- 
quate leaching of excess salts are common in many irrigated 
areas (Fig. 1). Hence the storage efficiency is of major 
importance in these areas. 

Some irrigated arcas because of a water shortage, serious 
drainage problem, or excellent water control and distribu- 
tion, apply water consistently at or near 100-percent effi- 
ciency. However, the higher the water-application efficiency, 
the greater the tendency to provide insufficient water to fill 
the deeper portions of the root-zone soil. Consequently in 
areas of high water-application cthciency, water-storage 
cthciency is an extremely important concept. An excellent 
example of this condition is in the Lower Rio Grande Valley 
of Texas where improved water distribution has been shown 
to triple production (3). In western Kansas, improved 
water-distribution efficiency has resulted in double the pro- 
duction (2). In both of these areas the water-application 
efficiency ts very high. 

In the above listed cases as well as several others, the 
major weakness in the irrigation practice can be quantita- 
tively evaluated by the water-storage efficiency 
concept. 


use of 


CONCLUSION 

The concept of water-storage efficiency is proposed as a 
step beyond the commonly used concept of water-application 
efliciency. Even though water-application efficiency might 
frequently be a satisfactory index of irrigation practice, poor 
distribution of the water within the field or inadequate 
applications is often a major cause of poor irrigation. prac 
tice. Neither aspect of the efficiency of irrigation can be 
neglected, if the farmer is going to have maximum produc- 
tion. For most practical purposes, estimates of the water- 
storage efficiency can be made with a minimum expenditure 
of both time and money. The data thus sained can be of 
considerable help in measuring and improving irrigation 
practice. (Continued on page 842) 
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Hydraulic Characteristics of Pipe Systems 


for Irrigation Enterprises 
A. F. Pillsbury and E. H. Taylor 


MEMBER ASAE 


ONCRETE pipe systems for the distribution of irriga- 
tion water by irrigation districts are still in their 
infancy. Higher cost of water, higher value land, 

and need for more efficient delivery and usage dictates 
increasing attention to such pipe systems. We have therefore 
been interested in investigating the several possible types 
of systems, determining to what extent they provide a certain 
Hlexibility required by the farmer, determining whether or 
not a high “load factor’ is possible for reasons of economy, 
determining their characteristics from the viewpoint of oper- 
ational economy, and, most important, determining their 
hydraulic characteristics from the viewpoints of design and 
steadiness of flow. 

As previously discussed (1)*, there are three probable 
types of systems: the closed or pressure system, the open 
system, and the semiclosed system. A general discussion of 
each type of system follows. 

Closed Systems. The closed or pressure system is the 
conventional type for the distribution of domestic water. 
It is rarely designed for irrigation service, although there 
are many systems in southern California which are for a 
combination of domestic and irrigation service. Its use in 
some instances might involve water-hammer problems, but 


This paper was presented at a meeting of the Pacific Coast Sec- 
tion of the American Society of Agricultural Engineers at San Luts 
Obispo, Calif., February, 1953. 

The authors—A. F. Pirtspury and E. H. Taytor — are, 
respectively, professor of irrigation and associate professor of engi- 
neering, University of California, Los Angeles. 

*Numbers in parentheses refer to the appended references. 


Fig. 1 Portion of an open-pipe system showing overflow stand at 
periodic intervals. Deliveries are normally made from the upstream 
portion of each stand 


Fig. 3 Air bubble forming below an overflow stand. The vent 
shown 1s closed 


no investigation of this is now included by the authors. 
Costs ot the pressure pipe required have generally pre- 
cluded its use. To avoid overload, the number of deliveries 
Open at any one time can be regulated. Deliveries, how- 
ever, with anything like a high load factor on the system, 
would be subject to considerable fluctaation. Downstream 
control float valves might correct this, and could be installed 
to give the farmer more flexibility in his delivery. 

Open Systems. With open systems there is an overflow 
stand at periodic intervals (Fig. 1). Deliveries are made 
from the upstream portion of each stand, presumably at a 
near constant head and hence at steady flow. For good ser 
vice, there must be provision to discharge regulatory waste 
at the end of each lateral. Otherwise the last delivery 
absorbs all regulatory fluctuations. It has long been known 
that such systems have an inherent instability associated 
with the entrainment of air (2). It is known that the late 
S. H. Beckett of the University of California (Davis) in 
the 1920's designed vents and also sloping downpour sec. 
tions which eliminated the difficulty, but no record of 
published accounts of the work has been found. Curtis (3) 
reports that the U. S. Bureau of Reclamation has found 
surge to be amplified in successive reaches of pipe, and has 
made an approximate mathematical analysis of such flow 
characteristics. 

At the University of California (Los Angeles), the 
authors have set up a modcl of an open system on approx 


Fig. 2 


Model of an open-pipe system at University of California 
Los Angeles 
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imately 1/12 scale (Fig. 2). Parts of this are of plastic, 
enabling us to observe the entrainment of air, the initiation 
of surge, and a venting design which corrected the surge 
initiation encountered. In addition, the system is being used 
to verify a rather complete analysis of the flow characteristics 
of an open system?. The analysis is summarized later in 
this paperi. 

The incidence of surge which we observed in the model 
resulted from the gradual buildup of an air pocket in the 
extreme upstream reach of pipe, which periodically blew 
back into the stand (Fig. 3). The surge initiated was not 
serious, but the amplification in successive reaches down- 
stream was. Not yet having completed our work, we are 
not prepared to say whether or not this is the only type of 
surge initiation that takes place in some of the prototypes. 

In the model, placement of large vents immediately 
downstream from each overflow stand prevented any surge 
initiation. However, when surge was imposed upon the 
system from outside by any change in flow rate, both rates 
being steady, surge was amplified as before venting, but 
dampened out in about two minutes. Although vents were 
completely successful in preventing all surge initiation 
observed in the model, they were not completely successful 
in preventing the carrying of considerable air into the system 
at high flows, which appears to adverscly affect the friction 
loss. We have been unable to get full flow through the 
system as yet. A second smaller vent some distance down- 
stream may help in this respect. 

Vents of course should be as close to each stand as 
possible. They should be of large size. We recommend 
that they be of the full size, or near the full size, of the 
pipe line to the top. As can be seen from the analysis to 
follow, there is an inverse relationship between the amplif- 


*To the best of the authors’ knowledge, the analysis of the 
USBR is unpublished ; they therefore made one of their own. 

‘Details of the analysis have been duplicated and can be ob- 
tained from the authors. 
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Fig. 5 Diagrammatic cross section of a double-disk, balanced. 
float valve 
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Fig. 4 A float valve stand 


cation of surge and the area of the upstream reservoir of 
each reach (the downstream portion of the stands). Vents 
serve to increase such area in addition to releasing the air. 

The measures above suggested may make the open sys- 
tems now installed more successful. The system, however, 
has inherent weaknesses, and we suggest that engineers de- 
sign no more of this type. 

Semiclosed Systems. The semiclosed system simply sub- 
stitutes a float valve with downstream control for the baffle 
in cach overflow stand of an open system (Fig. 4). It 
therefore takes on the essential operating characteristics of 
the closed system except that pipe line pressures never 
exceed the value established by the water surface in the next 
stand upstream. Thus low-pressure pipe can be used. Only 
the water which is delivered flows down the system; so 
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Fig.6 Sketch of a cylinder-type float valve 
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there is no regulatory waste involved, provided there is 
storage or control all the way upstream. Deliveries can be 
kept at essentially a constant rate unless the capacity of the 
system is exceeded. If desired, howeve:, farmers can vary 
their flows at will without causing operating problems as far 
upstream as the automatic feature is provided. Operation 
can be completely automatic. There is no opportunity for 
air entrainment. 

Without air entrainment, and with correct design, the 
semiclosed system provides positive stability in operation. 
“Hunting” of float valves in series is a very real possibility 
if design is not correct. If the oscillatory properties of the 
float and valve happen to be matched in just the right way 
to the characteristics of the pipe and stands, series surging 
can result. In a previous paper (4) the authors drew certain 
conclusions regarding the stability of a single float valve 
without regard to the inertia effects of the water in the pipe 
line. It was demonstrated that proper selection of the float 
shape and the linkage ratio, together with the ratio of the 
cross-sectional area of the float to the stand, could eliminate 
hunting completely. At the present time selection of these 
factors is largely by rule of thumb, and the infrequent 
operating difficulties have been cured by cut-and-try pro- 
cedures. Such methods can suffice, but we feel that further 
studies offer a fruitful field of investigation that will permit 
more rational design. We intend to pursue such studies in 
the near future. 

Successful conversion of open systems to semiclosed sys- 
tems began on a number of farms on the steeper slopes in 
southern California in 1944. Some valves used had the 
hunting difficulties mentioned above, but most installations 
were remarkably successful, providing great savings in irri- 
gation labor. There has been considerable hesitancy, how- 
ever, on the part of large organizations in trying the system 
for district distribution. Reasons given were that friction 
losses through known valves were too high, and that some 
waters would be corrosive to metal valves. In regard to the 
former reason, there have been highly significant develop- 
ments in the past few months. 

Reason for significant developments in valves can be 
attributed largely to the fact that one district has gone into 
the design of the semiclosed system. That is the Orange 
Cove Irrigation District of Orange Cove, California. J. F. 
Sorensen, general manager and chief engineer, has tried out 
every float valve that has been developed, and has designed 
one of his own. Most valves are of the double-disk, balanced 
type (Fig. 5). The manufacturer of one recently reported 
that the U. S. Bureau of Reclamation tested his most recent 
designs and found the friction loss wide open to be only 
0.78 velocity heads (based on nominal pipe diameter and 
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Fig. 7 A reach of open pipe 
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including 0.03 velocity head loss). A cylinder valve, Fig. 
6, has just been developed. No information on operating 
characteristics is yet available, but the valve looks promising. 
Reports are that it ts being tested at the present time. A 
third type is a radial gate valve, developed, constructed, 
and installed by Mr. Sorensen. Data on performance are not 
yet available. The above gates have been developed for 
district systems. Valves for farm systems are discussed in 
the previous article (4). 

The question of water hammer has been raised in regard 
to semiclosed systems. The factors which make for stability 
cause a lag in response of the valves for which a foot or two 
freeboard must be provided in the stand, but as observed in 
the field, there appears to be no appreciable hammer. Op 
portunity for hammer would occur with fast-closing manual 
valves on deliveries. Such valves can well be avoided 
except where deliveries are made directly from a stand. 
The storage in the stand can absorb most of the shock. 

Analysts of Unsteady Flow in Open Systems. Open-pipe 
distribution systems of the type under study inherently 
contain oscillatory characteristics. A reach of pipe, consid 
ered together with the box stands at either end as in Fig. 7, 
has the property of being able to accommodate relatively 
large fluctuations in flow with comparatively small changes 
in baffle head z. This is because the baffle functions essen- 
tially as a weir, and the quantity varies with some power of 
z in the neighborhood of 1.58. For purposes of illustration, 
we may think of the downstream level as not changing at all 
with changes in flow, thus likening the pipe reach to the 
idealized situation of Fig. 8, in which an upstream stand 1s 
connected to an infinitely large reservoir by a long "'friction- 
less” pipe. The cross-sectional area of the stand ts A and 
of the pipe is a, and the velocity is initially zero. 

Imagine now that the equilibrium is disturbed by the 
sudden addition of water to the stand. The new depth 
measured with respect to the original level is at any time yj. 
The dynamical equation applicable to this situation ts (in 
the assumed absence of any loss) 


=the). 2 cere ewe ee TY 


| being the length of the pipe line, and the equation of con- 
tinuity is 


MMH 6k kc ie os HY 
We differentiate the second equation 
dV /dt (A/a) (d?y/dt?) 5 ge te he oe {4} 


§Our small scale experiments, using relatively thick plastic weir 
crests, in which heads of about '/ 1n are common, indicate an em- 
pirical relationship, Q = Cz where ” ts almost 2. It 1s possible that 
capillarity is relatively more important here than would be the case 
with a prototype. 


4 Reservoir 
of infinite 
darea 


Fig.8 A reach of open system connecting to an infinitely large 
reservoir 
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and insert this result in equation {1}, obtaining 
(d*y/dt®?) + (ga/\A)y=—0 {4} 


This equation ts the well-known one of simple harmonic 


motion. If the depth were », and dy/dt was zero when time 


was started, the solution equation would be 


y=. COS pl 


[5] 
[6] 


y then is seen to vary continuously between the values + 4, 
and 


in which p= V ga/tA . 


), with a period in seconds given by 


T= 27 V 1A/ga [7] 

The problem under consideration 1s, of course, more 
involved than this simple example. The two are sufficiently 
alike, however, to suggest the oscillatory property of the 
actual boxstand pipe line system. Friction and the fact that 
there is an average through-flow complicate the relation 
ships, but, as will be seen, the same basic equations are 
used, It can be inferred from equation {4} that any depar 
ture from steady conditions such as a change in flow will 
result in at least a transient period of oscillations until 
friction damps it out. More important is the fact that a 
periodic disturbance may be of such frequency as to set the 
reach in resonance, thus giving rise to oscillations of large 
amplitude. 
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Results on second reach of measurement and computation of 
surge amplication in model. Surge initiated at zero time 
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The model study indicates that a resonance phenomenon 


actually takes place. The process appears to occur somewhat 
as follows: 


1 The vent is closed at the upstream stand of the first 
reach, permitting the periodic formation of an air pocket in 
the pipe directly below the stand. This bubble alternately 
builds up and blows back causing a small random or irreg- 


ular variation in flow over the baffle in the second stand. 


2 The second reach reacts to this slightly fluctuating 


inflow somewhat in the nature of a filter, passing principally 
oscillations near the natural frequency of the reach. 


3 The more regular fluctuation in outflow from the 
second reach, which is of course, the inflow to the third, 
now imposes a disturbance on the third reach which ts very 
nearly in resonance, since all three reaches were constructed 
alike. Thus the third reach reacts very markedly. We have 
noted fluctuations in water level in the downstream stand 
of the third reach of as much as a foot. 


As a first check on the validity of the above qualitative 
suppositions an experiment was devised whereby the varia- 
tion in inflow and outflow in the second reach of pipe 
could be measured. Measurements were taken for the first 
sixty seconds after the initiation of unsteady flow as follows: 

First, all vents were opened, allowing the flow to 
become steady. At a given signal the vent at the first stand 
was closed and a photographic record was started (and 
maintained at three-second intervals) of the rise and fall 
of the water levels in the upstream and downstream stands. 
The stand batHes had previously been calibrated as weirs, 
allowing the conversion of level variation to variation in 
discharge. The experimental results are plotted on Fig. 9. 
Note the random character of the inflow in comparison 
with the more periodic nature of the outflow. 

It was considered interesting to determine whether or 
not the phenomenon as observed could be subjected to 
rational analysis. A brief account of progress to that end 
follows: 

Referring again to Fig. 7, the basic dynamic equation 
for unsteady flew is 


y—z—k V2=(V/g) (dV /dt) . [8] 


Here & is an over-all resistance factor. In this equation, 
the contribution to the inertia of the system from the water 
in the stands is negligibly small. Equation {8} contains 
three unknowns, y, z and V, all functions of time. Two 
other equations arise from the continuity conditions. For 
the upstream stand and the pipe, continuity requires 
O,— A, (dy/dt) =aV [9} 
in which Q, is the inflow to the reach. 
For the pipe and downstream stand the continuity con- 
dition 1s 
d. T Az (dz dt) av {10} 


The outflow O, is related to the baffle head z through 
a function of the form 
Q,=C2" 
as previously noted. Thus equation {10} becomes 
Az (dz/dt)=aV 


C2" 4 f11} 


(Continue d on page &42) 
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INSTRUMENT NEWS 


Kari Noragis, Editor 
Sponsored by the ASAE Committee on Instrumentation and Controls. 
Contributions on agricultural applications of instruments and controls and 
related problems are invited, and should be submitted direct to K. H 
Norris, Agricultural Research Center, Beltsville, Md. 


Supersensitive Thermostat 
F. J. Hassler and H. B. Puckett 


HE fact that essentially all biological systems and 

processes pertaining thereto are temperature depend- 

ent makes it necessary that this variable be accurately 
controlled for critical experimentation. 

A proportioning or modulating type of temperature 
controller is recognized as an effective control arrangement. 
This principle operates to establish an equilibrium, at the 
desired temperature, between the heat input and loss from 
the environment under control. For applications in which 
the ambient conditions are changing, the proportioning 
circuit must be modified with the “automatic reset’ feature 
to prevent a temperature drift in the controlled environ- 
ment. Since proportioning controllers are expensive, and 
the automatic resect feature is necessarily an additional cost, 
this approach to accurate temperature control presupposes 
costly apparatus which renders impossible those researches 
requiring considerable replications. 

In dealing with the problem of designing an accurati 
economical air temperature controller for each of a multiple 
set of tobacco-curing test cabinets, we worked toward the 
development of a highly sensitive thermostat. All known 
commercial thermostats were considered and a number 
tried. For most types it was found the sensitivity of the 
primary sensing elements was either inherently too low or 
that the switching differential was too great to afford accur 
ate control. Other thermostats were found to have a narrow 
temperature range for actuation but temperature control was 
unsuitable because of the lag or temperature inertia of 
the clements. 

The problem was satisfactorily solved by combining 


This paper was prepared expressly for AGRICULTURAL ENGI- 
NEERING. Approved by the Director of the North Carolina Agri- 
cultural Experiment Station as Paper No. 495 of the Journal Series 

The authors — F. J. HASSLER and H. B. PuCKETT — are, respec- 
tively, associate professor of agricultural engineering, North Carolina 
State College, and associate agricultural engineer, division of farm 
electrification (BPISAE), U.S. Department of Agriculture, stationed 
at Tobacco Experiment Station, Oxford, N.C 
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Fig. 1 Schematic diagram of electrical circuit for supersensitive 
thermostat 
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two principles, each widely used in commercial thermostats, 
to provide on-off control: (1) spiralled bimetal as the 
primary sensing element and (2) the thyratron relay to 
switch the working current. The apparatus ts illustrated 
by the schematic diagram in Fig. 1. 

The angular detlection of the spiral bimetal, caused by 
temperature change, opens and closes the biasing circuit 
to the grid of the thyratron. Since the contact action has to 
switch only approximately 6 microamperes at 6.3 volts to 
effect the control-grid bias, no electrical deterioration or 
mechanical reaction from arcing takes place at the point of 
contact; thus full advantage of slow make-and-break ts 
utilized. The sensitivity of the clement can be increased to 
meet practical demands by three approaches. The angular 
deflection in degrees per degree of temperature change has 
the following relationship: 


A=Ke tj? 
in which A= angular deflection in degrees per degree 
temperature change 
K,.— coil deflection constant 
L~ active length of clement in inches 
‘thickness of clement in inches. 


Therefore, the sensitivity can be increased by lengthen- 
ing the bimetal strip and/or decreasing its thickness. Mount 
ing the spirals in pairs so that they deflect in opposition for 
a temperature change, with each spiral serving as a contact, 
doubles the sensitivity for a single clement. 

Since control ts influenced by the matching of the tem- 
perature inertia of the primary sensing element with the 
heat input and loss from the system, accuracy can be 
achieved by altering the volume to surface ratio of the 
bimetal. 

Using bimetal material No. 2400 (W. M. Chace Co., 
Detroit, Mich.) 11% in long, '4 in wide, 0.202 in thick, 
wound in a close spiral starting at and inside radius of 
curvature of approximately ¥s in and ending with a radius 
of curvature 9/16 in (giving an overall spiral diameter of 
one inch) a temperature variation of less than + 14 F, was 
experienced (measured with a No. 30 thermocouple) in an 
environment with an air velocity of approximately 30 fpm 
moving perpendicular to the plane of the spiral. Temper 
ature correction was accomplished by on-off clectrical heat 
ing of 20-yage nichrome wire stretched across the air stream 


TEMPERATURE CONTROL 


Fig. 2 Comparative temperature control using spiral-bimetal and 


vapor-filled sensing elements 
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ahead of and shielded from the bimetal spiral. Under sim- 
ilar conditions a commercial thermostat, employing a vapor- 
filled sensing element to actuate a microswitch, permitted 
a temperature variation of approximately +5 F (Fig. 2). 

Experience during the development proved that the 
contacts for the biasing circuit must remain free of corro- 
sion. Since essentially all contact corrosion in this applica- 
tion results from atmospheric conditions, with no arcing or 
mechanical deterioration, a small amount of suitable noble 
metal or other inert conducting material will provide satis- 
factory contact points. 

Because the “angular deflection per degree temperature 
change’ ratio of the spiral is small, scale expansion must be 
designed into the temperature-setting arrangement to enable 
critical selection of temperature values in the calibration 
and operation of the thermostat. This was accomplished by 
employing a worm drive in conjunction with a radio tuning 
dial, giving a 70-to-1 drive ratio. 

The sensitivity of this thermostat causes frequent cyclic 
action of the thyratron. For this reason a mercury-plunger- 
type relay, with proper coil and contact ratings, was used to 
eliminate undesirable relay noises. 


Hydraulic Characteristics of Pipe 
(Continued from page 840) 

Equations [8], [9] and [11] now represent a simultan- 
cous set involving the three unknowns, but unfortunately 
the non-linearities present in the terms #V’? and C2" preclude 
an analytical solution in explicit form. Therefore a stepwise 
numerical solution has been devised (2). It is not as satis- 
factory as an analytical solution in that there is no final 
equation from which general deductions can be made. Also, 
it is very tedious to apply. In brief, the method consists of 
calculating changes in y, z, and V which occur in small time 
intervals due to the fact that the inflow varies in a known 
manner. In Fig. 9 the comparison between the predicted 
outflow and the observed outflow is made. It is felt that, 
in view of the approximate nature of the computation 
together with certain possible inaccuracies in the instrumen- 
tation, the agreement ts satisfactory. 

The next logical step in investigating the validity of the 
foregoing suppositions and theory would be to subject the 
third reach to calculation wherein the computed outflow from 
the second reach becomes the disturbing influence for the 
third. Such a check is planned, and instrumentation is being 
extended so that more simultaneous data can be obtained. 
Solution of calculated results will be made on the differen- 
tial analyzer. 
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Analysis of the ultimate cause of surging, namely, the 
quasi-periodic bubble formation will also be attempted. The 
present analysis accepts the fact that the second reach of 
pipe receives a known flow variation and then proceeds to 
describe results of this variation. An interesting study will 
be to investigate the bubble formation to determine how 
this influences the flow in the pipe. 

CONCLUSIONS 

Analyses and model studies are under way pertaining 
to the flow characteristics of both open and semiclosed pipe 
systems for irrigation water distribution. It now appears 
that material improvements can be made in the operation 
of open systems. However, the semiclosed systems, as a 
general rule, appear far superior in operating characteristics. 
We suggest that they be given careful consideration in all 
future plans for pipe distribution systems. 


REFERENCES 
1 Pillsbury, A. F.: What type concrete pipe irrigation distribu- 
tion systems? Western Construction, vol. 25, no. 9, pp. 90-92, 1950. 


2 Stanley, F. W.: The use of concrete pipe in irrigation. USDA 
Bul. 906. 1921. 


3 Curtis, H. G.:: The Bureau of Reclamation and concrete pipe. 
Official proc. of 1st ann. convention. Amer. Concrete Agr. Pipe Assn. 
pp. 5-20. 1951. : 

4 Taylor, E. H., and A. F. Pillsbury: Notes on the design of 
semiclosed pipe systems for irrigation water distribution. AGRICUL- 
TURAL ENGINEERING, vol. 34, June, 1953. 


5 Taylor, E. H., and A. F. Pillsbury: Preliminary notes on the 
phenomenon of surge as observed in open-type irrigation distribu- 
tion systems. Department of Irrigation and Soils, Univ. of Calif., 
Los Angeles 24 (processed ). 


Water Storage Efficiency 
(Continued from page 836) 

The water-storage efficiency concept is particularly useful 
in sprinkler irrigation, on lands of uneven topography or 
poor irrigation control or management resulting in poor 
surface distribution of the water, on lands being irrigated 
with a high water-application efficiency, or on lands con- 
sistently requiring a uniform, excess application of water to 
keep the salt level below the toxic range. 

REFERENCES 

1 Israelsen, Orson W.: Irrigation principles and practices, sec- 
ond edition, John Wiley and Sons, New York, N. Y., 1950. 

2 Meyer, Walter R.; Grover, Ben L., and Carlson, Carl W.: 
1952 irrigation experiments. Progress report (provisional), USDA, 
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Progress report for 1952, USDA, Weslaco, Texas, 1953. 
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The land shown in these pictures was an old vineyard in Sonoma County, Calif., that has been converted into an irrigated pasture. In the 

foreground (left) is shown a Caterpillar D2 tractor driving a Byron Jackson deep-well pump through a rear power take-off which 1s 

capable of delivering water to the 36 sprinklers in the 48-acre area to be irrigated, at a rate of 252 gpm. The sprinklers are shown in action 
in the right-hand view 
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More A-E Curriculums 
Accredited 


AGRICULTURAL engineering curriculums 
recently accredited for the first time by 
the Engineers’ Council for Professional 
Development (ECPD) are those offered by 
the agricultural engineering departments at 
Alabama Polytechnic Institute, Clemson 
Agricultural College, and West Virginia 
University. Reinspection and reaccrediting 
of the agricultural engineering curriculum 
at the A & M College of Texas for a period 
of five years is reported by F. R. Jones, head 
of the department. 

At Alabama the four-year curriculum is 
administered by the college of agriculture, 
but students receive their basic engineering 
instruction in the school of engineering. 
F. A. Kummer is head of the agricultural 
engineering department. At Clemson and 
West Virginia the curriculums also cover a 
four-year period, and are each administered 
jointly by the college of engineering and the 
college of agriculture. Geo. B. Nutt and 
A. D. Longhouse, respectively, are the de- 
partment heads. 


Concrete Pipe Association 
Meetings 


ONE-DAY meeting of the American 

Concrete Agricultural Pipe Association 
at the Fairmont Hotel, San Francisco, on 
February 24, 1954, will precede a three-day 
meeting of the American Concrete Pipe 
Association at the same place, on February 
25, 26 and 27, according to announcement 
by Howard F. Peckworth, managing director 
of both associations. 


Penn Student Branch Cabin 
Party 


CABIN party marked the opening of 

activities of the Pennsylvania Student 
Branch of ASAE for the new school year. It 
was arranged with the cooperation of the 
New Holland Machine Division of The 
Sperry Corp. 

Eighty-five undergraduates, faculty, and 
representatives of the New Holland organ- 
ization joined in a program including toot- 
ball, softball, horseshoe pitching, a chicken 
dinner, and short talks. John Zahradnik, a 
1950 graduate of Penn State, presented an 
illustrated talk on his recent work in Iran. 
Lawrence H. Skromme, chief engineer, and 
A. S. Marburger, vice-president, of the New 
Holland organization spoke briefly from 
their viewpoint and experience as agricul- 
tural engineering graduates associated with 
the farm equipment industry. 


. a 4 


ASAE Meetings Calendar 


January 22 and 23 — Paciric Coast SeEc- 
TION, Stockton, Calif. 


January 22—lowa-ILLINOIs SECTION, Amer- 
ican Legion Club, East Moline, Il. 


January 22 and 23—NorTH CAROLINA SEC- 
TION, North Carolina State College, Ra- 
leigh 

February 1-3—SOUTHEAST and SOUTHWEST 
Sections, Baker Hotel, Dallas, Tex. 


February 13—MICHIGAN SECTION, Jackson, 
Mich. 


April 2 and 3— Rocky MOUNTAIN SEC- 
TION, Colorado A. and M. College, Fort 
Collins 


June 20-23—47TH ANNUAL MEPTING, Uni- 
versity of Minnesota, Minneapolis 
Note: Information on the above meetings. 


including copies of programs, etc., will be 
sent on request to ASAE, St. Joseph, Mich 


Michigan Section Dearborn 
Meeting 


WIDE range of subject matter was cov- 

ered in the fall meeting of the Michigan 
Section of the American Society of Agricul- 
tural Engineers at Dearborn, October 24. 
More than 50 members and guests were 
present. 

In opening the meeting, Wm. G. Buch- 
inger, chairman of the Section, announced 
that its winter meeting will be held at Jack- 
son at a time to be announced later. 

C. B. Richey, program chairman, intro- 
duced Lee Elfes, Massey-Harris-Ferguson, 
Ltd., who presented a paper on ~High- 
Speed Mower Design.” 

“Field Results with Prefabricated Drying 
Buildings” was the title of a paper pre- 
sented by David B. Poor, Stran-Steel Divi- 
sion, Great Lakes Steel Corp. 

Speaking on the subject “Equipment Used 
in Bulk Milk Handling,’ C. W. Hall, 
Michigan State College, reported on a bulk- 
milk-handling operation near Midland. 

Edwin W. Tanquary, president of ASAE, 
commended the group on its activity and 
emphasized the importance of the contacts 
and exchange of ideas developed by section 
mectings. 

Reporting on the subject 
age Handling and Storage,’ 


Trends in For- 


R. G. White, 


Michigan State College, noted expanding 
production of baled hay, chopped hay and 
grass silage, and decreasing output of long 
loose hay 

Group lunches at the Dearborn Inn or else- 
where and tours of the Ford Museum and 
Greenheld Village completed the program. 


— 
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Two views of the group enjoying chicken dinner at the Pennsylvania Student Branch cabin party 


Palmer New Chairman of 
Connecticut Valley Section 


DWARD L. PALMER, a member of the 

agricultural engineering staff, University 
of Connecticut, Storrs, was elected the new 
chairman of the Connecticut Valley Section 
of the American Society of Agricultural En- 
gineers at a meeting of the Section held 
October 28 at Sturbridge, Mass. He succeeds 
Carl F. Libby, president of the Northeast 
Agricultural Engineering Service. 

The Section also elected two new vice- 
chairmen, Arthur G. Fox, assistant to the 
director of agricultural development, New 
England Power Service Co., and Irving J. 
Pflug, a member of the agricultural engi- 
neering staff, University of Massachusetts. 
Charles F. Chunglo, agriculturist, West 
Massachusetts Electric Co., Springfield, was 
elected the new secretary-treasurer. 


The national president of ASAE, E. W. 
Tanquary, engineering specialist, farm im- 
plement division, Intetnational Harvester 
Co., made a special trip to attend the meet- 
ing and spoke to the group on the particular 
contributions which the section organiza- 
tions can make and are making to the agri- 
cultural engineering profession. 


lowa-Illinois Section Features 
Instrumentation and Rubber 


GROUP of 135 ASAE members and 

friends attended a meeting of the lowa- 
Illinois Section of the American Society of 
Agricultural Engineers held at the American 
Legion Club in East Moline, Hl. on Nov. 6 
The combination of an excellent dinner and 
program served to bring out the good at- 
tendance, which included members from 
distant points including Waterloo, Ames, 
Urbana, and Chicago. The Section chair- 
man, C. K. Beeman, product engineer at the 
J. I. Case works at Burlington, lowa, pre- 
sided and. introduced the two scheduled 
speakers. Stan Gralak, Deere and Co., made 
an interesting talk on instrumentation as an 
aid in the developing of farm machinery. He 
was followed by J. H. Gerstenmaier of the 
Goodyear Tire and Rubber Co., who gave a 
fine presentation on the designer's approach 
to the utilization of molded and extruded 
rubber products in machinery design 


The Section will hold four other meetings 
during the coming winter and spring. The 
second meeting is scheduled for January 22, 
it the same place as the meeting last month. 


Farm Structures Short Course 
"THE department of agricultural engineer 


ing at the University of Hlinois announces 
a farm structures short course for dealers, 
field men and company personnel concerned 
with farm buildings. The dates are January 
12 to 15, 1954, and the place of registration 
for the course will be the Union Building 
on the University campus. The fee wall be 
$5.00. For additional details and program 


write Deane G. Carter, agricultural engi 
neering department, University of Hlinois, 
Urbana. 
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NEWS OF ASAE MEMBERS 


Vernon H. Baker has completed the re- 
quirements for the Ph.D. degree in agricul- 
tural engineering at Michigan State College 
and has returned to the Agricultural Engi- 
neering Department at Virginia Polytechnic 
Institute, Blacksburg, as research professor 
of agricultural engineering. 


James H. Elliott, a recent graduate in 
agricultural engineering, has resigned his 
position with the Soil Conservation Service, 
USDA, to accept employment as an irriga- 
tion engineer with the Arabian-American 
Oil Company in Saudi, Arabia. He will be 
located at the company’s offices at Dahahran. 


Biswanath Ghosh recently resigned his 
position with the Damodor Valley Corpora- 
tion in India and entered the King’s College 
of the Durham University, Newcastle-Upon- 
Tyne, England, where he will work for his 
master of science degree in agricultural engi- 
neering under a Burmah-Shell scholarship 
awarded by the Council of Scientific and 
Industrial Research of the Government of 
India. 


Wayne T. Gray, 4 1952 graduate in agri- 
cultural engineering, who has been on duty 
with the U.S. Army, has recently returned 
to civilian life and will be employed as a 
test and development engineer in the central 
engineering division of the Chrysler Corp., 
Highland Park, Mich. 


Frank H. Hamlin, who has been vice- 
president of Papec Machine Co., Shortsville, 
N. Y., since 1940 and general manager since 
1947, was recently named president of the 
company. Mr. Hamlin’s connection with the 
company dates back to 1924. Currently he 
is a member of the Executive Committee of 
the Farm Equipment Institute, and he is a 
former chairman of the North Atlantic Sec- 
tion of ASAE 


Norton C. Ives has resigned as chief of 
the agricultural engineering department of 
the Inter-American Institute of Agricultural 
Sciences with headquarters at San Jose, 
Costa Rica, and temporarily will be em- 
ployed part time on an assignment with the 
staff of agricultural engineers of the Farm 
Building and Rural Housing Division 
(BPISAE), U.S. Department of Agriculture, 
stationed at Ames, lowa. 


Vaughn C. Kegg has resigned after three 
years of service as product manager of 
Unico Products, Inc., Alliance, Ohio, to ac- 
cept appointment as general manager of the 
Ohio Grease Co., Loudonville, Ohio. 


H. M. Lapp, recently resigned as assistant 
agricultural extension specialist for the ex- 
tension service of the Manitoba Department 
of Agriculture to accept appointment 4. 
assistant professor of agricultural engincet 
ing at the University of Manitoba, Winnipe . 


Charles G. McNiel recently resigned as 
vice-president and general manager ot Wy 
mont Tractor and Equipment Co., distributor 
of Ford tractors and Dearborn farm equip 
ment at Billings, Mont., and has purchased 
an interest in the United Tractor and Equip- 
ment Co., Sioux Falls, 8. D., Ford tractor 
distributors for most of South Dakota, 
northwest Lowa, and western Minnesota 


J. E. Metzger his resigned as sales man 
ager of the Schanzer Mtg. Co., Lake Charles, 
La., to accept the position of manager of the 
Harvestore Division of Sprout, Waldron & 
Co., Muncy, Pa. He will make his head- 
quarters at Lake Charles where he wall su- 
pervise the work of Harvestore salesmen 
throughout the United States and Canada 
In addition to sales supervision, bis) work 


will include development of the Harvestore 
and related equipment for application in the 
grain and feed industries as well as in 
chemical processing fields, to meet the trend 
toward the bulk handling and storage of 
products of various kinds used by proces- 
sors and manufacturers. 


John C. Keplinger was recently elected 
president of the Hercules Motors Corp., 
Canton, Ohio, manu- 
facturers of gasoline 
and diesel engines. Mr. 
Keplinger joined the 
Hercules organization 
in 1926 as sales man- 
ager, becoming vice- 
president in charge of 
sales in 1931. In 1934, 
he was elected a mem- 
ber of the board of 
directors, and he be- 
came executive vice- 
president in 1948. Mr. 
Keplinger is an engi- 
neering graduate of 
Cornell University and has been a member 
of ASAE since 1932. 


Lee E. Woodruff has resigned as agricul- 
tural engineer of the Skelley Oil Co., to 
accept a position as agricultural engineer 
with the Green Giant Co., LeSueur, Minn. 


J.C. Keplinger 


NECROLOGY _- 


IkVIN D. MAYER, associate in agricultural 
engineering, Purdue Agricultural Experi- 
ment Station, passed away unexpectedly 
November 14. 

Born in Chicago, he grew up and received 
his elementary and secondary education in 
Indianapolis. After receiving his bachelor's 
degree in civil engineering at Purdue Uni- 
versity in 1916 and early junior engineering 
employment, he began directing his engi- 
neering toward agricultural applications, 
first in barberry eradication work, in agri- 
cultural extension in Canada, and with the 
Portland Cement Association. 


He also earned a bachelor’s degree in 
agriculture at Purdue University in 1919. 
Returning in 1921 for employment with the 
experiment station, he continued in active 
service there until his passing, with the ex- 
ception of a one-year leave of absence in 
1945-46 tor special work with the U.S. 
Department of Agriculture. Completing re- 
quirements for his master’s degree in 1930, 
he earned promotion in 1931 to the rank of 
associate professor and was given added 
responsibilities in) agricultural extension. 
His work made him well known throughout 
Indiana and nationally known among agri- 
cultural engineers, Mr. Mayer's special fields 
were farin structures and soil and water 
contiol, but he was willing and able to ap- 
ply tus cnginccems in the interest of agri- 
culiure mother ways as well. In recent years 
be had contrthuted materially to the devel- 
opment of harvesting wheat straw for use 
mo making paper board, and to agricultural 
engincenng interest and progress in’ farm 
work simplification. 

A member of ASAE since 1921, he was 
active in all of its divisions and on many of 
its committees, and a frequent contributor to 
its meeting programs. He served a year as 
chairman of the Society's Soil and Water 
Division in 1940-41. He was also active in 
the Central Presbyterian Church of Latayette, 
and in the Masonic order. He ts survived by 
his widow, Mrs. Charlotte Mayer, a son 
and two daughters, his mother, and a 
brother and sister 


AGRICULTURAL ENGINEERING for December 1953 


NEW BOOKS 


PLANNING FARM BulILDINGs, by John C. 
Wooley. (Third edition). Cloth, x + 303 
pages, 6x9 inches. Illustrated and indexed. 
McGraw-Hill Book Co., Inc., (330 West 42nd 
St., New York 36, N. Y.) $5.00. 

This brings up to date another text and 
reference in the agricultural engineering series 
published with Quincy C. Ayres as consulting 
editor. It recognizes progress made in the past 
few years in knowledge of environmental re- 
quirements, sanitation, functional planning, 
labor-saving arrangements and equipment, and 
structural materials and methods. Chapters 
cover new tarming practices and equipment 
affecting buildings; planning buildings for size 
and quality; estimating the cost of new and 
value of old buildings; protecting the invest 
ment in farm buildings; expressing ideas in 
the form of sketches and of working and illus 
trative drawings, planning a working environ- 
ment for the dairy cow, planning buildings that 
will contribute to the production of high 
quality milk, planning housing for young dairy 
stock; planning dairy buildings and equipment 
for efthciency in daily operation; planning for 
the intermittent and seasonal operations that 
support the daily routine, planning housing for 
the beef-cattle enterprise; planning buildings 
for the hog enterprise; planning housing for 
the farm poultry flock; planning housing for a 
broiler-, egg-, or turkey-production enterprise; 
housing the sheep enterprise; planning storage 
for grain and forage; planning storage for 
machinery, supplies, and equipment, remodel 
ing old buildings to meet new management 
practices; planning field and yard fencing and 
equipment; planning for the farm home, plan 
ning for utilities on the farm; and combining 
housing for the different enterprises at the 
farmstead. 


Erecrric Fix-It Book. Popular Mechanics 
Press (200 E. Ontario St., Chicago 11, HL.) $2.00 

A practical guide to the non-professional 
electrical experimenter and home repair man, 
covering wiring and rewiring, fluorescent 
lamps, repairing appliances, making lamps, 
private telephones, burglar alarm systems, 
building relay circuits, zinc electroplating, mak 
ing magnifiers, blinker lights, electric torches, 
electrical test light, candid recordings, auto 


engine tune-up, and porch and yard lights 


FARM PLANNERS) ENGINEERING HAND- 
BOOK FOR THE Upper Mississippt REGION, 
USDA Agricultural Handbook No. 57, by 
the Soil Conservation Service, Upper Missis- 
sippt Region, Regional Gthce, Milwaukee, 
Wis. Hlustrated and indexed, Superinten- 
dent of Documents, Government Printing 
Othice, Washington 25, D.C. $1.50. 

Part headings are: engineering surveys, 
preparation of engineering data sheets, rain- 
fall, runoff, spring and stream-flow measure- 
ments, farm ponds, springs and hydraulic 
rams, wells, concrete and masonry struc- 
tures, terracing, diversions, vegetated out- 
lets and water courses, land drainage, irriga- 
tion, and streambank control 
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AGRICULTURAL ENGINEERING for December 1953 


NEW catatocs 


Centralized Farm Machine 
Lubrication 


Lincoln Engineering Co., 5701 Natural 
Bridge Ave., St. Louis 20, Mo., is intro- 
ducing a centralized lubrication system for 
farm tractors and implements, under the 
trade name ‘‘Multi-Luber.”” It is being made 
available in kits with all necessary items 
ready for installation in some of the more 
common sizes and types of tractors; and 
with a guide to selection of other combina- 


tions of fittings for other applications. Es- 
sentially the unit includes a lubricant reser- 
voir, a cylinder and plunger, and tube con- 
nections to bearings. One stroke of the 
plunger will deliver uniform doses of lubri- 
cant through each of 12 or less ports in the 
cylinder, at pressures up to 2000 psi or 
higher. Seamless steel tubing connects the 
cylinder with each bearing to be lubricated ; 


or flexible hose is substituted where flex- 
ibility 1s required. Installation time is esti- 
mated at about 4 hours. Extreme pressure 
gear lubricants are used in the system. Use 
of the system is reported to result in easier, 
faster, better and more positive lubrication. 
One stroke of the plunger in each half hour 
of machine operation is recommended. The 
lubricant reservoir has a 4-02 capacity, 
enough for 70 hours of operation. 


Fertilizer Application Bulletin 


New Idea Farm Equipment Co., Cold- 
water, Ohio, has published for free distribu- 
tion a 42-page illustrated bulletin, entitled 
“Fertilizer Application Guide for Mayor 
Field Crops.’ It recommends fertilizing and 
related soil-improving practices which can 
be aided by proper selection and use of 
equipment. 


New Three-Point Hitch 


John Deere, Moline, IL., announces their 
new No. 800 three-point hitch and a large 
number of matched implements for John 
Deere Model 50, 60, and 70 tractors. A 
three-point hitch for the Model 40 tractor 
was introduced in 1952. Many implements 
designed for use with the No. 800 hitch are 
attachable from the seat of the tractor. 


Others are attached from the ground, but 
telescoping draft links eliminate the need 
for exact positioning of the tractor, or tug- 
ging the implement into place. The new 
hitch is flexible; it lets integral implements 
trail the tractor, much the same as drawn 
implements, for good work not only on level 
land but on hillsides, along contours, over 
ridges, and through swales. Implements are 
lifted hydraulically and carried high and 
clear when transporting. 


Farming the Three Dimensions" 


Caterpillar Tractor Co., Peoria, Il., will 
send on request to interested readers a copy 
of the above-titled illustrated booklet (form 
30824) which deals with the problem of 
deep tillage and the tools to break up the 
subsoil, including subsoilers, chisels, disk 
ridgers, spring shank cultivators, listers, and 
ditchers. 


Kerosene-Operated Electric Plant 


Kohler Co., Kohler, Wis., announces de- 
velopment of kerosene-gasoline operation for 
all its 2-kw and 3.5-kw manually started 
electric plants. The unit includes a 1'4 gal 
gasoline tank for starting purposes, and 
when the engine has reached normal operat- 
ing speed and temperature, a two-way valve 


transfers the fuel supply to kerosene. In 
effecting the engine change for this unit, 
the company was required to substitute a 
low-compression cylinder head, special in- 
take and exhaust manifold, and modifica- 
tions to the cylinder block and carburetor 
The 2-kw plant shown in the illustration 
generates alternating current at 115 volts 
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Specialized Steels for Soil Tillage 


Crucible Steel Co. of America, Oliver 
Bldg., Pittsburgh, Pa., will send on request 
to interested readers a copy of an interesting 
and informative bulletin on the many spe- 
cial types of agricultural steels which it 
manufactures and their relation to good till- 
age practices. It is prefaced by an article 
on the place of tillage in soil improvement 
by a USDA authority on the subject of till- 
age. It also relates the different types of 
steel the company produces to the various 
operations of tillage. It also includes three 
important tables for design engineers: a 
table of disk blade concavities for which the 
company has forming and tempering dies, a 
table giving the theoretical weight of con- 
cave disks, and a radius vs. concavity table. 


Light-Duty Pillow Blocks 


The Fafnir Bearing Co., New Britain, 
Conn., will send on request descriptive 
literature of its recently designed new series 
of light-duty, ball-bearing pillow blocks, 
designated as type PB. These pillow blocks 
are a complete, ready-to-mount, economy 
package, which includes a separable two- 
piece pressed steel housing, a Fafnir wide 
inner-ring ball bearing with the Fafnir- 
originated locking collar and patented plya- 
seals. The housing is designed to provide 
initial self-alignment in all directions and to 


assure ample strength for the light-duty ap- 
plications for which it is recommended. 
Incorporated in this housing is a prelubri- 
cated Fafnir wide inner-ring ball bearing 
with self-locking collar. Fafnir contact-type 
plya-seals provide efhcient grease retention 
and contaminant exclusion to minimize 
maintenance and extend bearing life. 


Corrosion of Low Alloy Steels 


International Nickel Co., 67 Wall St., 
New York 5, N. Y., will send interested 
readers on request copy of bulletin A-149, 
Atmospheric Corrosion of Low Alloy 
Steels,’ containing 22 pages well-docu- 
mented with charts and tables, reporting the 
effects of 9 years atmospheric exposure tests. 
It includes data on weight losses, pit depths, 
thickness measurements, calculated pitting 
factors, and the weight of rust on specimens 
The effects of Composition are discussed. On 
long exposure, it 1s shown that nickel was 
effective in reducing pit depth 


Locknut Bulletin 


Security Locknut Corp., Melrose Park, IL, 
who manufacture the Security Locknut, a 
patented combination of a standard nut and 
retainer fabricated into a single standard 
nut, will send on request to any reader a 
copy of a booklet which it has recently 1s- 
sued illustrating the wide range of sizes the 
company produces An important section of 
the booklet for design engineers consists of 
tables of specifications of the different types 
of nuts the company manufactures 
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Large-Size Spreader 


John Deere, Moline, Il., announces the 
new John Deere Model N= spreader built 
especially for large feeders and dairymen. It 
has a capacity of 120 bushels, power-driven 
beaters, ground-driven feed conveyor for a 


uniform spread at any tractor speed, heavy 
combination —wood-and-steel construction, 
and large wheels and tires for good ground 
flotation. The spreader is made to work at 
speeds up to 6 miles per hour, and the 
wheels are equipped with Timken roller 
bearings. 


Side Dresser and Fertilizer 
Spreader 


New Idea Farm Equipment Co., Cold- 
water, Ohio, announces a new five-foot rear- 
mounted side dresser and broadcast ferti- 
lizer spreader designed for use with Ford 
and Ferguson tractors, with or without cul- 
tivator. The machine has high clearance 
which allows cultivation and side dressing 


of mature crops. Row-width adjustments 
range from 6 to 72 in. Drive of the new 
spreader is actuated off the brake drum. The 
machine is designed for driving inside or 
outside the tractor wheels according to row 
widths. Patented features include cam agi- 
tator and positive-control feeding mechanism 


of other New Idea models. 


New Bucket for Tractor Shovel 


Caterpillar Tractor Co., Peoria, Tb, an- 
nounces a new improved standard bucket for 
the Caterpillar HT4 shovel. This is a two- 
position bucket which will provide greater 
flexibility because of an adjustable hitch and 
a deeper bowl, making the unit better 
adapted for either excavating or stockpile 
applications 

The two 
achieved by changing the removable hinge 
on each side of the bucket to either the for 
ward or rear-hinge point. The forward hinge 


positions now available are 


point for stockpiling gives quicker tilt-back 
and less spillage 
rack-back at the ground line 
justment connecting the bucket to the rear 


a ten-degre 
A simple ad 


because of 


hinge point retains the former digging and 


dumping angles desirable fot 


work 


excavating 
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NEW BULLETINS 


“Sulphate Resistance of Portland Cements, 
Concrete and Mortars,’ by Dalton G. Mil- 
ler, Phillip W. Manson, and Robert T. H. 
Chenn. An annotated bibliography covering 
articles on deterioration of concrete exposed 
to sulphate waters and soils, as well as to 
sea water, acids, and other deleterious 
agents, sponsored by the working committee 
on sulphate resistance of Committee C-1 on 
Cement of the American Society for Testing 
Materials. hTe bibliography is published 
in mimeograph form through the courtesy of 
the Portland Cement Association. 


Irrigation of Flue-Cured Tobacco in North 
Carolina, by T. V. Wilson and C. H. M. 
van Bavel. North Carolina State College 
(Raleigh) Agronomy Research Report No. 
3. A progress report on three years’ tobacco 
irrigation research including a short section 
on the economics of irrigating tobacco. 


Laying House Ventilation, by Wm. H. 
Knight and Reid Merrill. University of Ida- 
ho (Moscow) Farm Electrification Leaflet 
No. 22, June, 1953. sUer information on 
insulation and fan systems. 


Culvert-Pipe Grain and Seed Drier for the 
Farm, by J. W. Simons and L. L. Smith. 
Circular No. 4 (March, 1953) Georgia 
Agricultural Experiment Station (Athens). 
Describes a drier developed from commer- 
cially available components for use on the 
average southern farm not requiring the 
capacity provided by complete driers now 
on the market. 


How to Reduce Labor, Steps, and Costs in 
Dairying, by Harry M. Young, Jr., and George 
B. Byers. Kentucky (Lexington) Extension Cir 
cular 505 (June, 1953). Practical short cuts for 
dairy farmers, in terms of machine milking, 
work routines, buildings and equipment, meth 
ods for improvement, comparison of building 
costs, bedding, and advantages and disadvan- 
tages of various arrangements 


Mechanization of Cotton Production, by Rex 
F. Colwick et al. Southern Cooperative Series 
Bulletin No. 33 (June, 1953). (Alabama, Ari* 
zona, Arkansas, California, Georgia, Louisiana, 

New Mexico, North Carolina, 
South Carolina, Texas, and farm 
(BPISAE), USDA). (Re 
quests for copies from outside the cooperating 
states should be addressed to the Mississippi 
Agricultural Experiment Station, State College.) 
A condensed report of research on the subject 
from the standpoints of crop residue disposal, 
seedbed preparation, planting, fertilization and 
cover weed and grass control, insect 
control, defoliation, and harvesting 


Mississippi, 
Oklahoma, 


machinery division 


Crops, 


tn Electric Work Center for the Vocational 
fericultural Shop, by R. N. Jones et al. Prog 
ress Report No. 107 (August, 1953) Pennsyl 
vania Agricultural Experiment Station (State 
College). Brief text and illustrations showing 
construction and bill of materials for a compact 
instruction and test unit 


Tuo Typical Wood Frame Houses Exposed 
to Energy Released by Nuclear Fisston, by 
Richard G. Kimbell and John Fies. National 
Lumber Manufacturers Association (Washing 
ton, D.C.). A more technical explanation and 
interpretation than given in general publicity 
at the 
in the 


time, on damage to test houses included 
atom bomb test March 17, 1953 


fericultural Implements for Indtan Farmers, 
by R. V. Ramiah and C. P Indian 
Council of Agricultural Research (New Delhi) 
Series No. 1 (As. 8) 
mary primarily for agricultural extension work 


Srivastava 


Review This ts a sum 


ers, of information on some of the more widely 
used native implements and some imported 
from Denmark and Japan. It deals primarily 
with bullock-drawn implements, but a few 
mechanical power driven implements are in- 
cluded. Plows, harrows, cultivators, drills, 
harvesting and threshing equipment, rice pro- 
duction equipment, small-scale irrigation and 
miscellaneous implements are covered. The 
authors indicate that “The quickest method of 
introducing and popularizing simple agricul- 
tural implements in India is by encouraging 
the use of better implements of one region into 
another.” 


Field Investigation of Waste Water Re- 
clamation to Ground Water Pollution. Cali- 
fornia State Water Pollution Control Board 
(Sacramento) Publication No. 6 (1953). 
Reports an extensive study of the subject, of 
special interest to water short areas, show- 
ing excellent possibilities for returning to 
ground water the effluent of treated sewage 
containing a minimum of industrial wastes. 
For the conditions studied, the water is re- 
ported bacteriologically safe after passing 
through four feet or more of soil, and of 
satisfactory chemical quality if high concen- 
trations of undesirable industrial wastes are 
not present in the raw sewage. Highly 
treated effluent is necessary to maintain high 
rates of percolation. Mosquito control is 
generally necessary, and algae control may 
be necessary. 


Control of the Waterlevel in Faintly Slop- 
ing Areas, by F. Van Schagen. English lan- 
guage reprint from the Netherlands Journal 
of Agricultural Science (Utrecht) (August, 
1953). A discussion of the design and ap- 
plication of broad-crested weirs to maintain 
optimum water tables for agricultural pro- 
duction in areas of the Netherlands which 
are above sea level. 


Hydraulics of Closed Conduit Spillways, 
Part 1. Theory and Its Application, by Fred 
W. Blaisdell. University of Minnesota, St. 
Anthony Falls Hydraulic Laboratory (Min- 
neapolis) and Soil Conservation Service 
Research USDA, Technical Paper No. 12, 
Series B (January, 1952). A_ presentation 
of factors influencing flow, including weirs, 
exits, tailwater, pipe, orifice, short tube and 
pressures. A means of developing a com- 
posite head-discharge curve is included. 


Types of Soil Eroston Prevalent mn New 
Zealand, by D. A. Campbell. Association 
Internationale d’ Hydrologic Scientifique, 
Assemblee generale de Bruxelles 1951, Ex- 
trait du Tome II. Brief discussion of the 
nature and importance of simple and com- 
pound types, including variations and com- 
binations of creep, slip, flow, sheet, gully, 
river and wind erosion. 


Difficulties in Obtaining and Presenting 
Hydrologic Data, by E. C. Schnackenberg. 
Association Internationale d’ Hydrologie 
Scientifique, Assemblee Generale de Bruxel- 
les 1951, Extrait du Tome Il. The author 
discusses problems in obtaining hydrologic 
data from short rivers in high rainfall areas 
and carrying high debris loads, character- 
istic Of those in New Zealand, and suggests 
the development of international standards 
for related instruments and their use, so 
that data from various parts of the world 
might be more directly comparable 


Hydrologic Data, by bE. C. Schnackenberg 
Reprint from “Commonwealth Engineer, 
(Wellington, New Zealand) January-Febru- 
ary, 1953. Part 1 on rainfall and runoff 
deals with standards adopted for collection 
of data. Part 2 deals with the design of 
water-level recorder structures 


(Continued on page 852) 
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No partial 

bearing here 

—-bushiog fits 
securely 


Lock-type Bushings . . . for free artic- 


ulation. A special process securely 


locks the inside sidebars on 
the bushing—eliminating 


common cause of stiff 


chain. Applied to 
a wide range of 
sizes. 


| Look to LOCK-TYPE BUSHINGS 


Just one of many engineering extras 
you get from LINK-BELT 
or drives that must operate under severe conditions, it will pay 
: you to use Link-Belt Precision Steel Roller Chain. Lock-type 
bushings and the many other Link-Belt engineering extras add up to 


built-in extra life. Whether it’s for power transmission or conveying, 
you are assured of a positive, flexible, economical chain . . . with high 


sustained efficiency. For complete information, see your nearby Link- 


for longer roller chain life 


LINKi@}BELT 


ROLLER CHAINS & SPROCKETS 


LINK-BELT COMPANY: Plants: Chicago, Indianapolis, 
Philadelphia, Colmar, Pa., Atlanta, Houston, Min- 
neapolis, San Francisco, Los Angeles, Seattle: Scarboro, 
Toronto and Elmira, Ont. (Canada); Springs (South 
Africa); Sydney (Australia). Sales Offices” in 


Principal Cities. 13,330 
Belt sales representative, or write for Engineering Data Book 2457. 
PIN CONTACTS OUTE® SURFACE ORDINARY CONTROL L-B EXACT CONTROL 
FOR LOAD DISTRIBUTION OPTIMUM OPTIMUM . 
\e ie 
| Don’t overlook on | 
< ON INNER ‘ i = 
SUBFACE j f nt ‘ oS 
: these other Ora a _e : 
| a  ——— 
LINK-BELT extras i oe | 
PIN CONTACTS OUTER 
SURFACE FOR LOAD OISTRIBUTION Ce ee Ce 
a TEST CHAINS TEST CHAINS 
Shot-peened rollers have ex- Couple and uncouple multi- Closer heat treat control helps 
tra fatigue life under impact. ple-width chains more easily attain greater uniformity 
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“Why do engineers recommend 
PRESSURE-CREOSOTED 


fence posts ?” 


————————ee 


mm 


@ Why? Because controlled tests have proved that pressure- 
creosoted posts last 3 to 5 times longer than most types of un- 
treated posts. That extra-long life reduces repair and replacement 
costs to a bare minimum, saving the farmer valuable time and 
money that he can apply to other projects on his farm. 


Pressure-creosoting preserves fence posts in another way, too. 
Repeated grass fires that often damage untreated posts merely 
char the surface of pressure-creosoted posts, leaving them un- 
harmed. 


For complete details on creosote and its uses, write to Koppers 
Co., Inc., Tar Products Division, Pittsburgh 19, Pennsylvania. 


KOPPERS COMPANY, INC., PITTSBURGH 19, PENNSYLVANIA 


Tar Products Division 
DISTRICT OFFICES: 


Woodward, Alabama 250 Stuart Street, Boston, Massachusetts 
122 $. Michigan Avenue, Chicago, Illinois 3450 Wilshire Blvd., Los Angeles 5, California 
350 Fifth Avenue, New York, N. Y. Koppers Building, Pittsburgh, Pennsylvania 


All Standard Specifications 
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PERSONNEL SERVICE 
BULLETIN 


Note: In this bulletin the following listings 
still current and previously reported are not 
repeated in detail; for further information see 
the issue of AGRICULTURAL EGINEERING indicated. 


POSITIONS OpEN--JUNE--O-147-524. JULY 
0-254-526, 255-527. SEPTEMBER-—-O-301-530, 
331-532. OCTOBER —-O-348-534, 344-536, 361- 
537. NOVEMBER. -0-341-538, 387-539, 384-540, 
399-541. 


POSITIONS WANTED -MAY-—-W-193-31, 196-32. 
JUNE —W-204-34, 200-36, 203-37, 220-40. JULY 

W-260-42. AUGUST--W-248-45, 272-46, 278- 
49, 292-50, 294-52. SEPTEMBER -W-306-53, 
321-54, 339-56. OCTOBER 333-57, 357-58, 359- 
59. NOVEMBER W-329-60, 351-61, 356-62, 
368-63, 367-64, 358-65, 369-66, 391-67, 382-68, 
381-69, 394-70, 378-71, 398-72, 350-73, 404-74, 
426-75. 


NEW POSITIONS OPEN 

DISTRICT SALES MANAGER, to supervise 
present dealer organization, and select and train 
additional dealers, for leading manufacturer of 
power sprayers and other specialty farm equip- 
ment. Southern territory. Graduate of southern 
agricultural college, with 5 yr or more of suc- 
cessful selling experience in the South. Usual 
personal qualifications for successful sales man- 
agement. Married. Age 25-40. Permanent posi- 
tion with leading manufacturer. Salary open. 
Apply by letter with complete information in- 
cluding sales record and references. O-430-542 


SALES ENGINEERS and District Managers 
for sales, service, and distributor and dealer 
training with growing manufacturer of pumps 
and water systems. National distribution. Ter- 
ritories of one or more states open from time to 
time. Education considered with other qualifica- 
tions. Prefer experience in sale of pumps and 
water systems. Minimum requirements include 
mechanical aptitude, ability and willingness to 
learn, and travel Monday to Friday. Good ap- 
pearance and ability to sell, gain respect of, and 
cooperate with wholesale distributors and deal- 
ers. Age preference depends on experience and 
requirements. Opportunities for advancement 
to junior executive and executive positions. Sala- 
ry open. Proven plan for building income. Write 
for standard employment form. O-454-544 


ENGINEERS AND DRAFTSMEN (2 each) 
for design work and product engineering on 
equipment for agricultural spraying and for 
portable irrigation, with established manufac- 
turer. Midwest. Must have good appearance, 
personality, intelligence Educational prepara- 
tion, experience and age will be considered. No 
fixed requirement. Unlimited opportunity. Sala- 
ry open. O-465-545 


AGRICULTURAL ENGINEERS for design 
and test work with leading general line farm 
equipment manufacturer. Midwest location. BS 
deg in agricultural engineering, or equivalent, 
with average grades or better in mathematics, 
applied mechanics, and machine design, and 
specialization in power and machinery. Farm 
background. Previous experience in farm equip- 
ment design or testing desirable but not essen- 
tial. Must have genuine interest and ability in 
design or test work; exercise good judgment and 
initiative; enjoy working with others; and be 
willing to give careful consideration to the ideas 
of others. Age up to 32 yr. Opportunities up to 
individual. Salary $347 to $450 mo, depending 
on qualifications and assignment. O-471-546 


MANUFACTURERS AGENT for farm rotary 
snow plow in Michigan, Ohio, New York and 
New England. Proven winter sales item. Must 
be established in farm implement dealer trade. 
Want aggressive man with mechanical aptitude 
and sales ability. Age 30-40. Commission basis. 
O-479-547 


AGRICULTURAL SNGINEER (associate 
rank) for research in rural housing and farm 
structures in a land grant college in the South- 
east. MS deg in agricultural engineering, or 
equivalent. Architectural drafting and struc- 
tural engineering experience. Pleasant and 
cooperative. Age, about 30. Excellent research 
facilities and adequate maintenance. Excellent 
opportunity for advancement. Salary open. 
0-462-548 

‘Continued on page 850) 
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THE DYNAMIC NEW WD-45 
POWER-CRATER ENGINE 


The dynamic new WD-45 Tractor with its mighty 
POWER-CRATER engine easily handles its 3-bottom 
mounted plow in the most stubborn soils . . . in- 
creases harvesting capacity in the heaviest crops 
with power take-off operated combines, forage 
harvesters, corn pickers and hay bolers. 


AGRICULTURAL ENGINEERING for December 1953 


$7 = 
7. Bet 
sO +m 


‘ 


e & 


“— w+tTrtssett. 


at ay a i 
S Wr be a PSST SS S SS ie eer BF PGSS GS te 


“oe oe ~ go bee o oe mee ey aseena wan a 
+ eat a. 3 ; ee 


§ 
~~ 


ree 
oF wath 3 
* Peers Ss weer & Sh cS . ro te ae ew =e es see % 


Yes, POWER-CRATER! Mark that name, because @ 
you’re going to hear it often in the years to come. It’s 
the symbol of a new standard in tractor power — the 
name of the mighty Allis-Chalmers engine that powers 
the DYNAMIC NEW WD-45 TRACTOR. 

Here is farm power engineered in the same pioneer- 
ing spirit as the rubber-tired tractor introduced by 
Allis-Chalmers two decades ago . . . farm power that 
keeps pace with striking new developments in engine 
design . . . farm power that delivers high octane fuel 
performance on regular gasoline! 

THE WD-45 TRACTOR, powered by this great 
new Allis-Chalmers engine, develops in excess of 20 ; 
percent more horsepower than its popular predecessor, ( 
the Model WD, with a corresponding step-up of draw 
bar, belt and power take-off performance. 

POWER-CRATER design retains all of the basic 
Allis-Chalmers advantages: low engine speed, low rate 
of piston travel, uniform cooling with ‘‘wet” cylinder 
sleeves, lightning-fast governor action, efficient full 
pressure lubrication. 

Add to these: power-shifted rear wheels, two-clutch 
power control, automatic traction booster, 5-way hy- 
draulic system, 4-speed helical gear transmission, 12-28 
rear tires on full-width 12-inch rims, and SNAP- 

COUPLER for mounted implements. All standard 
equipment — and you have practical farm power in its 
most advanced and useful form. 


No other 3-plow tractor offers the farmer so many 
advantages . . . so much performance . . 


. at so low a 3 
dollar investment! 


POWER-CRATER and SNAP COUPLER are Allis-Chalmers trademarks. 
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' Personnel Service Bulletin 
( (Continued from page 848) 


NEW POSITIONS WANTED 


« , MECHANICAL ENGINEER with 17 years 

whe J aa experience in implement development and trac- 

bead : . tor manufacture. Last nine years spent as as- 

) om ‘ “ ue sistant chief engineer supervising development 
* : ‘ 


of seeding, planting and fertilizing equipment 
from design stage through testing into manu- 
facture. Before the above spent eight years in 
tractor manufacture and development of service 


~ # . ifs ‘ oo ms material. Open for job either in design or manu- 
~~ r ; ’ Bi facture or work in correlating both. BS deg in 

J —— ‘ mechanical engineering at Illinois Institute, two 

‘ $ (iy eds . 4 years at M.I.T. Married. Age 40. No dis- 


abilities, excellent health. Salary open. W-395-76 


AGRICULTURAL ENGINEER interested in 
design, development, research, extension, or 
teaching in power and machinery, with manu- 

* TOTAL INDICATOR / ———— — sean: —— —— 
west. Married. ge 25. No disability. S deg 
READING, . BETWEEN / in agricultural engineering, 1952, North Caro- 
AWY TWO PLANES! . /, lina State College. MS deg in agricultural en- 
gineering expected June, 1954. Farm back- 
omar: — —- ground. Cheesemaker for Kraft Foods Co. for 
one year. Postwar enlisted service in Navy, 2 
yr. Served as fireman and engineering record 
keeper on a destroyer. Worked with tobacco 
mechanization research project two summers 
and one 6-mo period. Part time drafting and 
design work during junior and senior years. 
Graduate work on stress analysis with strain 
/ gages, on several farm machines, notably for- 
7 / 7 age harvesters. Available July 1. Salary $5500. 
W-410-77 


AGRICULTURAL ENGINEER interested in 
design, development, research, sales, or service 
in farm structures or soil and water field with 
manufacturer, distributor, farming operation, or 
federal agency. Rocky Mountain or Midwest 
location preferred. Married. Age 31. No dis- 
ability. BS deg in agricultural engineering, 
1950, University of Nebraska. War enlisted 


= : service in Navy over 3 yrs. Radio operator and 
’ e typist. Two summers with Nebraska depart- 
an ment of roads and irrigation. With FHA since 


graduation as agricultural engineer (GS-7) pre- 

paring, checking and approving detailed plans, 

cost estimates, valuation reports, and inspection 

. S ; 1 achi reports on farm structures and land improve- 

Functioning as an important part of a mowing machine ca aces ee bes see Ree 
cutter mechanism, this Inner Shoe is responsible for hold- open. W-431-78 


ing all correlated parts in alignment. Accuracy must be AGRICULTURAL ENGINEER--Geologist in- 


= J ° <r terested in development or research in farm 
maintained throughout the roughest service .. . and initial atcuctuhes OF acil and) seater Wh dbhuaiey in 


rary taa ** o4?? 5 7 mnoe aace meat! USA. Native of Argentina. Married. Age 29. 
accuracy is a ““must”’ in reducing assembly cost! ie Geckiiie. GanniGe te aoc. tien, 


: ee . ee National University of La Plata; agricultural 
Unitcast “foundry engineering” successfully solved the engineer, 1950, University of Buenos Aires. Ex- 


agice > " ; ‘ ore . —_ . aia perience in Soils Institute of Argentina, irriga- 
basic problems. By holding a tolerance unusual in cast lek Se Ge Soe Cenne 


steel, the necessity of machining fit surfaces was elimi- technical adviser in forest company. Available 


a ° ° in January. Salary, about $250 per mo. 
nated and the result . . . less finished cost! Practical design W-396-79 


and experienced foundry procedure met all other require- AGRICULTURAL ENGINEER interested in 


> " ahili Ty ‘ ace ¢ $3 teaching, research, and development in power 
ments for durability. To date, the accumulated production ut ERs at ae, a, elm ae 
figure is well over 200,000 units . . . with less than .002% experiment station in cotton belt. Married. Age 
t 53. No disability. BS deg in agricultural en- 
rejection! Another example of Unitcast’s ability to pro- gineering, 1930, Mississippi State College. Grad- 
» y uate study in trades, industrial arts, and edu- 
duce quality steel astings! a cation. Teaching shop and power machinery 12 


° on eye ° yr. Extension work 5 yr. Research on cotton 
Why overlook the cost-cutting possibility in your mechanization 4 yr. Foreign service in Latin 


we a - . oe : cP a * America, 2-yr tour recently completed. Avail- 
product? A slight revision in design or specification might ehie aw. Selaey O6n8e. W-208-06 

> fick ‘, i iteasc « ivati 
be beneficial. Call in Unitcast today. No obligation, of eatietiinaiitihiiiaeih “tenmlainniete taiiiaiii te 


course! extension, teaching, or research in power and 
machinery with college, experiment station or 
manufacturer. Any location. Married. Age 28 


UNITCAST CORPORATION - Toledo 9, Ohio No disability. BS deg in agricultural engineer- 


ing, 1950, Louisiana State University. Sales 
-f 4 hy Bd rT CTE T Shorhr 1 > engineering in industrial gas equipment, 12 mo. 
f a “ ) 

In Canada: CANADIAN UNITCAST S1 EEL, Li D., Sherbrooke . Que bec Farm equipment dealer and custom operator, 
27 mo. War non-commissioned service in Army 
over 2‘ yr. Available January 1. Salary open. 
W-425-81 


| AGRICULTURAL ENGINEER for research, 
j ae 2 © | UALIT ¥ teaching, or extension in rural electric or power 
7 j and machinery fields with industry, experiment 
$ 4 SES; FP & Y station or college in Southeast. Four years ex- 
} y gre —_ a F ‘_ & TEEtL perience in power use and public relations field 
, B&Bs , ae > * A a with electric cooperatives. Considerable jour- 
f cde f , i y f - g a 7 nalistic and public speaking experience. BS deg 
— Ae & Gy “eee (oe <a |e , in agricultural engineering, 1949, University of 
Georgia. Aviation machinist mate, U.S. Navy 
three years. Farm background. Ability to co- 
operate with fellow workers. Married. Age 29 
No disability. Available on reasonable notice. 
Salary open. W-420-82 


on 


(Continued on page 852 
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Announcing 


a Great New 


Reynolds FIRST P 


Important to 


Farmers! 


REYNOLDS </ ALUMINUM 


CORRUGATED... 


TWO 12’ SHEETS COVER ALMOST A FULL SQUARE OF 
ROOF AREA...SAVES APPLICATION TIME AND MONEY! 


Now build with aluminum in Jess 
time, with less work, at less cost! 
50% fewer sheets to handle. 50% 
less loss of metal at side laps. And 
a better-looking job, too! 

You know heat-reflecting alumi- 
num boosts poultry and livestock 
profits... field tests prove it. You 
know rustproof aluminum saves 
money—needs no painting. Now 
you can get these proved advan- 


tages... at the lowest cost ever! 

The new 48” Corrugated Sheets 
come in .024” (U. S. Std. 24 Ga.), 
2144" pitch, embossed—and .019” 
(U. S. Std. 26 Ga.), 1% and 214” 
pitch, plain and embossed. Excla- 
sive with Reynolds! 

See your dealer. Write for liter- 
ature. Reynolds Metals Company, 
Building Products Division, Lou- 
isville 1, Kentucky. 


MORE LOW-COST, LABOR-SAVING 
BUILDINGS...COMPLETE PLANS BY 
REYNOLDS FARM INSTITUTE 


Pole Barn 52’ x 60’, Pole Cattle Shed 26’ x 60’ 


and Machinery Center 26’ x 60’.. 


. all extendable 


by 15° sections. 10,000-bird Broiler House, 
52’ x 150’ and 1,500-bird Laying Hose, 41’ x 130’ 


... Shortened or lengthened by 15’ sections. 
Pole Corn Crib 30’ x 32', extendable 
by 8’ sections. Portable Range Shelter 


on skids, 8’ x 10’. 

Plans at price shown in coupon 
include detailed drawings, 
erection instructions and 
material lists. Or check coupon 
for FREE descriptive literature. 


SEE “MISTER PEEPERS,” starring Wa'ily Cox, Sundays, NBC-TV network. 


[tee 
INS iruTE) 
Sins a 


Se 
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Please send me FREE | 
Pole Barn ($1) 
Machinery Center ($1) 
Laying House ($!) 
Range Shelter (25c) 


Nome 


Address 


3° WIDE / 


Profit proof! Owner of this New Jersey 
laying house says his aluminum roof keeps 
“...e9g production consistently high, bird 
mortality negligible.” 


Reynolds Farm Institute, P.O. Box 2047 
Louisville 1, Kentucky 


| enclose $ 
buildings checked. 


for complete plans of the 


iterature on buildings checked. 


Cattle Shed ($1) 


Broiler House ($1) 


! 
| 
{] Corn Crib (50c) | 
| 
| 
| 
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in the Manufacture of ACME Chains 


ss 


Battery of special case-carburizing and 
hardening furnaces impart an extremely 
hard wearing surface on Acme Chain 
pins and bushings to render longer and 
higher degree of service. 


MODERN 
MANUFACTURING 


TOUGH and ENDURING 


ACME Chains are designed and engineered to deliver positive 
power transmission and perform each specific job with maxi- 
mum efficiency and economy. Sprocket ratio, chain impact, 
tension, drive speed and other factors are determined, not on 
the drawing board alone, but in the field where ACME engineers 
observe and test chains at work while new equipment is being 
designed. In that way, ACME Chains are made to deliver posi- 
tive power transmission with economy and dependability under 
all loads at all times. 


ACME Engineers are constantly at your service — just write 
or phone Holyoke 2-9458. 


Write Depi.9C 


for new illustrated 
76 page catalog on 
use and application 
of roller chains and 
sprockets. 


HOLYOKE 
MASSACHUSETTS — 


es 
hed 


Personnel Service Bulletin 


(Continued from page 850 


AGRICULTURAL ENGINEER for sales in 
specialized farm equipment field. Interested in 
rcpresenting manufacturer or distributor with 
equipment such as pumps, complete portable 
irrigation systems, power units, or related items 
with applications requiring sales engineer. One 
year sales in construction equipment. Two years 
sales engineer portable irrigation equipment. 
Middle Atlantic states. BS deg in agricultural 
engineering, 1950, N. C. State College Two 
years enlisted service USNR in aircraft main- 
tenance. Farm background. Married. No dis- 
ability. Age 27. Available on reasonable no- 
tice. Salary $6000 or equivalent. W-443-83 


AGRICULTURAL ENGINEER interested in 
design. deve'‘opment, research, writing or man- 
agement in farm structures with distributor, 
consultant, or tradé association. Any location. 
Married. Age 48. No disability. Experience 35 
years in construction and building supply in- 
dustry including work as senior construction 
engineer, construction engineer, general contrac- 
to., estimator-salesman, and general manager 
of lumber company. Available January 1. Sa- 
lary open. W-423-84 


AGRICULTURAL ENGINEER interested in 
design and development in power and machinery 
or processing field in industry. Location west of 
Mississippi River, in US possessions or foreign 
Married. Age 29. No disability. BS deg in 
agricultural engineering, 1949, University of 
Nebraska. Design and development of tractor 
*quipment 4 yr with two large manufacturers. 
Previous experience 8 mo as field surveyor for 
railroad. War enlisted and commissioned service 
in Air Force with training and experience in 
meteorology and navigation. Available on 30 to 
60-dey notice. Salary $8500 range. W-453-85 


AGRICULTURAL ENGINEER interested in 
design, development, research, extension, teach- 
ing, or writing in farm structures or soil and 
water field, with industry or public service. 
Prefer location in Midwest or West. Willing to 
travel. Single. Age 36. No disability. BS deg 
in agriculture, 1943, Nortn Dakota Agricultural 
College. BS deg in civil engineering expected in 
January, University of Wisconsin. Instructor in 
farm structures, and structures engineer for 
Wisconsin branch experiment stations, 6 yr 
War commissioned service in Infantry 3 yr 
Available February 15. Salary $380 per mo 
W-441-86 


AGRICULTURAL ENGINEER for extension, 
promotion, sales or development work in farm 
buildings in industry, preferably in Midwest 
BS deg in agricultural engineering, Iowa State 
College. Eight years experience with prefabri- 
cated buildings. Two years farm machinery 
sales. Farming experience. Married. Age 39. 
Available now. Salary open. W-451-87 


NEW BULLETINS 


(Continued from page 846) 


An Electric Work Center for the Vo-Ag 
Shop. by R. N. Jones, E. F. Olver, D. R. 
McClay, and F. Anthony. Pennsylvania State 
College (State College) Progress Report 
No. 107 (August, 1953). Layout, bill of 
materials, and explanation of a cabinet unit 
for combining the demonstration board, 
electrical equipment and electrical work 
bench in one location in the vo-ag farm 
mechanics shop. 


Penn State Mechanical Dairy Feeder, by 
E. F. Olver and R. N. Jones, Pennsylvania 
State College (State College) Progress Re- 
port No. 110 (November, 1953). Reports 
on experiments with hopper, conveyor, me- 
ter and tube systems to save labor in feeding 
grains. Continuing work is indicated on 
quick, easy adjustment and calibration of the 
feed meters. 


Supplemental Electric Heat for Farm 
Buildings, by Wm. H. Knight. University of 
Idaho (Moscow) Farm Electrification Leaf- 
let No. 23 (October, 1953). Brief text and 
illustrations on common types of electric 
heating units and their farm applications. 
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(EXCLUSIVE IN SEALMASTER BEARINGS) 


can end two main causes 


of bearing failure 


Dirt or loss of lubricant can quickly grind 
the life right out of the finest bearings. 
SEALMASTER'S anique double sealing princi- 
ple protects you against both. It’s your best in- 
suranceagainst needlessly highmaintenance —f 
costs and losses from machine downtime! 


In SEALMASTER Bearings grooved steel 
inner seals assembled right into the outer 
race ring, on each side of the ball chamber, 


form the grease chamber. \ 
Felt-lined steel flingers rotating in the ¥ ee ae 
grooves of the inner seals positively pre- ‘ i: i age) et ee | 


vent dirt from entering the bearing. At the 
same time, the bottom flanges of these 
flingers, extending under and beyond the 
inner seal, create a vortex that breaks the 
grease flow and retains proper amount of 
lubricant. 


Even if your bearings do not have to take 
* the abuse of “dirty jobs,”’ you need the 
| protection of the SEALMASTER seal. In 
any bearing application, it is your protec- 
tion against needless maintenance costs 


| ...it helps keep your machines running Ce , /, 
i longer, better. ™ ha 
z. Why not write now for full information in 
= Cartridge Flange-Cartridge Flenge Toke-Up Pillow -Block 
our Bulletin No. 845. Unit Unit Unit Unit Unit 
- A Division of STEPHENS-ADAMSON MFG. COMPANY 
S E A L M A S T E R B E A R | N G S ° 67 Ridgeway Avenue, Aurora, illinois 
FACTORY REPRESENTATIVES AND DEALERS IN ALL PRINCIPAL CITIES “a 
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THIS BRAND NAME 
ON LUMBER 


ALSO MEANS... 


> ee Aer 


SCIENTIFIC HARVESTING — Production of quality lumber 

products begins with progressive forest management and % > grand scale. Loads weighing up to 125 tons are carried in one 
scientific harvesting. Weyerhaeuser practices continuous re- trip on this mammoth truck unit, typical of modern Weyerhaeuser 
stocking of forest lands through natural re-seeding, or the 4 equipment. Logs reach Weyerhaeuser mills in prime condi- 
transplanting of “superseedlings” such as those shown above. é * tion to produce maximum lumber footage. 


Grade for grade and species for spe- 
cies, the brand name ‘‘Weyerhaeuser 
4-Square”’ is the mark of reliable 
quality in the lumber field. 


This brand name on lumber also 
means the coordination of modern 
timber harvesting, modern reforesta- 
tion, and efficient, modern manufac- 
turing methods. The result is high 
quality, properly seasoned lumber, 


Fi» > 


+ 


CAREFUL GRADING AND HANDLING—FExtensive 


training courses are given to Weyerhaeuser grading and which produces the utmost in sound, 
handling personnel. Skilled graders above are working on the . : 
“green chain”. In handling, lumber is constantly safeguarded economical construction. 


against damage to appearance or effectiveness. 
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MODERNIZED MANUFACTURING — At Weyerhaeuser 

6) mills, good logs become fine lumber in a highly developed and 
~ carefully controlled manufacturing process. For example, 

, } shaping of drop siding is done in the planing mill above. Three 

e J cutter heads cut tongue, groove and channel simultaneously. 


Quality control as practiced by 
Weyerhaeuser means that builders 
can enjoy full confidence in this de- 
pendable brand name on the lumber 
they use. 

For construction on the farm... 
homes, service buildings, or lumber- 
built equipment . . . Weyerhaeuser 
4-Square Lumber offers durability, 
economy and lasting satisfaction. 


WEYERHAEUSER SALES COMPANY 


ST. PAUL 1, MINNESOTA 
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LN-DRYING — Today's quality-conscious 
market demands properly seasoned lumber. The Weyerhaeuser 
kiln-drying process is scientifically controlled at every stage. 
Lumber of proper and uniform dryness is assured by a carefully 
regulated process utilizing trained men and modern equipment. 


THE SPRINGFIELD, OREGON MiLL —At mills located on the West 
Coast and Inland Empire, Weyerhaeuser 4-Square Lumber is produced 
in a range of products from Douglas Fir, Idaho White Pine, Ponderosa 
Pine, West Coast Hemlock, Western Red Cedar and related species. 
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wa Sed sisi eine eg Stockton Works, Stockton, Calif. (Mail) 
Applicants for Membership 620 N. Harrison St. 
The following is a list of recent applicants for CoLEMAN, S. D.—Editor, The Business of 
membership in the American Society of Agricul- > . = : Wd . 
tusal Magineers, Members of the Seciery are Farming magazine, 300 W. Adams St., 
Chicago 6, Il. 


urged to send information relative to applicants 
for consideration of the Council prior to election. . 
: COMPTON, ERNestT F.—Agricultural repre- 
sentative and supervisor, Lennox Furnace 


Co., Columbus, Ohio. (Mail) 1035 Eliza- 
beth Ave. 


Cyr, Henry J.—Engineering trainee, New 
Holland Machine Div., The Sperry Corp., 
New Holland, Pa. (Mail) 320 Jackson St. 

Davis, Lewis K. Student engineer, John 
Deere Waterloo Tractor Works. (Mail) 
Box 271, Hudson, lowa 

ELMORE, CLEON J.—Product engineer, John 
Deere Spreader Works. (Mail) 1309 E. 
Sixth St., Beardstown, Ill. 


BARNES, Bruce A. General manager, 
R.C.S. Engineering Co., Glendora, Calif. 
(Mail) PO Box 347 

BowMAN, CHARLES C.— Instructor, agricul- 
tural engineering dept., Montana State 
College, Bozeman, Mont. (Mail) 909 
West Dickerson 

CHIDESTER, RoBerT L. Project engineer, 
John Deere Planter Works. (Mail) 501 
3rd Ave., East Moline, Ill. 


CHRISTOFFERSON, DONALD F. Layout 
draftsman, International Harvester Co., 


_\\ Frenner 


\ To FIT THE | 


ar OY ia 


a) ei = 


or 


It s WISCONSIN-Po 


On pruning alone, one man with a Wisconsin-powered 
Hi Tender outworks 6 men working with hand tools. 
This unit, built by Stemm Brothers Inc., Leavenworth, 
Wash., is also used for thinning and picking. Hi 
Tender high-spot features: 


Single-cylinder models, 
3 to 9 hp. 


1. Rotates through 360°, for working 4 areas without 
repositioning. 


2. Cage moves parallel to ground with in-and-out 
motion. New ease in getting into and out of tree. 


3. Unit supports 3 fruit boxes. Full boxes are lowered 
gently to ground, eliminating fruit damage. 


2-cylinder models, 


Wisconsin Engine high-spot features: = ee oe 


* Tapered roller bearings at both ends of crankshaft 
take up thrusts . . . no chance of bearing failure. 
* Fool-proof any-climate air-cooling. * Easily-serviced 
outside magneto with impulse couyling for fastest 
any-weather starts. * Heavy-duty construction, top 
to bottom. * Most popular farm-field power, 3 to 36 hp. 


Write for information about all 4-cycle single-cylinder, 2-cylinder 
and V-type 4-cylinder models, 3 to 36 hp. 
ee ee ec ey 


<@® WISCONSIN MOTOR CORPORATION 


Ey ia es oe rea an besa : s 
World's Largest Builders of Heavy-Duty Air-Cooled Engines 
MILWAUKEE 46, WISCONSIN 

A 7613-14)-1 


V-type 4-cylinder models, 
15 to 36 hp. 


i 


4 


ae 


ESCHENWALD, ADOLFO H. — Associate pro- 
fessor of agriculture and mechanics arts, 
University of Puerto, Mayaguez, Puerto 
Rico. (Mail) College Sta. 454 

Evans, THOMAS — Chief engineer, Minne- 
apolis-Moline Co., 1721 S. Seventh St., 
Louisville 8, Ky. 

ForTIN, JEAN-MARIE—Professor of agricul- 
tural engineering, Ste- Anne-de-la-Poca- 
tiere, Co. Kamouraska, Quebec, Canada 

FRENCH, WALTER R.—Head, department of 
agricultural engineering, The Louden 
Machinery Co., Fairfield, lowa 

Hacker, Davin S.—Mechanical engineer 
in charge of farm tire design, U.S. Rubber 
Co., 6600 E. Jefferson Ave., Detroit 32, 
Mich. 

HASENBANK, KENNETH N. — Field engi- 
neer, J. I. Case Co., Burlington, Iowa. 
(Mail) 701 Harrison 

HeruM, Floyp L.—Research fellow in agri- 
cultural engineering, lowa State College, 
Ames, lowa. (Mail) 138 Pammel Court 

Hewitt, WiLtiAM A.—Vice-president and 
general manager, John Deere Plow Co., 
San Francisco, Calif. (Mail) PO Box 
3573 Rincon Annex 


Hopces, Cart E. — Agricultural engineer, 
Arkansas Agricultural Extension Service, 
PO Box 391, Little Rock, Ark. 


ISEMANN, FRANK E.—District sales man- 
ager, Butler Manufacturing Co., 613 
Cafritz Bldg., 1625 Eye St., N.W., Wash- 
ington 6, D.C. 

JorpDAN, EL_prep A.—Instructor in agricul- 
tural engineering, Texas Technological 
College, Lubbock, Tex. 

Kay, BENNETT M.—Farm electrification ad- 
visor, Northeast Oklahoma Electric Co-op, 
Inc., 229 S. Wilson St., Vinita, Okla. 

McCann, Nei. F.— Agricultural adviser, 
United Kingdom Scientific Mission, 1800 
K St., N.W., Washington 6, D.C. 

MILLER, WILLIAM R.—Field test engineer, 
New Holland Machine Co. (Mail) RR 1, 
Sarver, Pa. 

Moore, WILLIAM C.—Sales representative, 
Bower Roller Bearing Co. (Mail) 7201 
Summerdale Ave., Chicago 31, Ill. 

PEACOCK, THOMAS W.— Assistant super- 
intendent, Fleco Corp., PO Box 2317, 
Jacksonville, Fla. 

PULLAR, JOHN L.—Assistant manager, Ames 
Irrigation Pty. Ltd., 60 Hunter St., Syd- 
ney, New South Wales, Australia 

SCHUTMAAT, GEORGE W.-——Owner, Hamil- 
ton Mfg. & Supply Co., PO Box 212, 
Holland, Mich. 

SURTMAN, JULE R.— President, Carolina 
Ford Tractor Co., PO Box 1496, Char- 
lotte, N.C. 

WANKEL, WesLEY J.—Understudy to irri- 
gation supervisor, P.F.R.A., Box 393, 
Maple Creek, Sask., Canada 

WANSLEY, LAMAR T. — Assistant manager, 
Georgia Power Co., PO Box 1719, Atlan- 
ta 1, Ga. 

Wuite, JAMES P., Jr.—Experimental engi- 
neer, The Oliver Corp., South Bend, Ind. 
(Mail) RR 1. Box 317 

WorSTELL, Robert V.—Work unit engi- 
neer (SCS), USDA, Box 1399, Lakeview, 
Ore. 


TRANSFER OF MEMBERSHIP GRADE 


BREVIK, THEODORE J.—Assistant professor 
of agricultural engineering, Michigan 
State College, East Lansing, Mich. ( Asso- 
ciate Member to Member) 

LARSON, RusseLt E.—Agricultural engineer 
(bPISAE), USDA. (Mail) Agricultural 
Engineering Bldg., University of Mis- 
souri, Columbia, Mo. (Associate Member 
to Member ) : 
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Our * | ‘ modern plants 
in six separate locations 

give you a stabilized, dependable 
source for sleeve bearings 


and bushings— 


and the finest engineering and 
field service in the industry is yours 
at our sales offices in 
CLEVELAND DETROIT 
17000 St. Clair Ave. * [Vanhoe 1-7221 Gereral Motors Bidg. * TRinity 2-3453 
NEW YORK CHICAGO / 
Chrysler Bldg. * MUrray Hill 6-8351 McCormick Bidg. * WAbash 2-6220 


The Cleveland Graphite Bronze Company wy 
DIVISION OF CLEVITE CORPORATION 
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$700 saved... 


more efficiency gained 


courtesy 
IOWA 
MFG. CO. 


That's the experience of the IOWA MFG. 
CO, manufacturers of this super-tandem 
crushing plant which employs a 1%" STOW 
power drive shaft, operating at 800 RPM. 
A ‘centrifugal clutch relieves sudden starting 
loads. Use of the fl myo shaft as shown per- 
mits a swing of up to 90 degrees either side 
of the center line. 


This is another fine example proving the 
efficiency, the practicability of STOW 
flexible shafting. 


Why not consult with STOW engineers on 
your next power transmission problem. You'll 
find that Stow flexible shafting can really 
doa job for you! 


 — Write today for this free 
bulletin 525 and Torque 
i) Calculator, containing 
= complete data on STOW 


flexible sha/ting. No 
obligation, of course. 


WANUFACTURING, £0. 


25S jap hated 338 


"RINGHAMTON, 


Agricultural Engineers’ 


YEARBOOK 


The first edition of an ASAE-sponsored yearbook, 
announced in the 1952-53 Annual Report of the 
Secretary, will be published and distributed to 
ASAE members early in 1954. It will be known as 
the AGRICULTURAL ENGINEERS’ YEARBOOK, and 
each member will receive one copy without charge. 
It will be on sale to non-members at a price of 
$5.00 per copy. 


The Yearbook will contain a wide variety of infor- 
mation, for which ASAE members have frequent 
need. The main features will include (1) a roster 
of ASAE officers, divisions, sections, committees, 
and individual members; (2) the constitution, by- 
laws and rules of the Society; (3) standards, recom- 
mendations, and engineering data officially adopted 
or endorsed by the Society, and (4) a directory of 
manufactured products that agricultural engineers 
will find helpful in their various fields of activity. 


AMERICAN SOCIETY OF AGRICULTURAL 
ENGINEERS 


ST. JOSEPH, MICHIGAN 


the BADGE 
of him who 


BELONGS 


ESPITE the presumption it sets up, 
mere membership in the American Society of 
Agricultural Engineers is no proof of a man’s 
high rank in technical talent. It does prove that 
he has met certain minimum requirements and 
has earned the esteem of colleagues who spon- 
sored his application for membership. 


But the Society emblem is evidence that 
native talent, be it great or small, is enriched by 
fraternity with the personalities whose minds 
fuse to form the pattern of progress in the 
methods and mechanics of agriculture. The 
wearer of the emblem waits not for the debut 
of an idea, but is present at its birch and helps 
to guide ‘ts growth. 


Be you novice or veteran, your membership 
in the organized profession adds something to 
your efficiency, your vision, your influence as 
an individual engineer. The Society symbol on 
your lapel is token that you “belong”. Wear it 


STYLES AND PRICES OF ASAE EMBLEMS 


With blue ground for Fellows. Members, and 
Associate Members — furnished either in pin with 
safety clasp or lapel button — $3.50 each. 


With red ground for Affiliates — furnished only 
in pin with safety clasp — $3.50 each. 


Send orders to ASAE, St. Joseph, Michigan 
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“CUT COSTS 35 10 60% 


with General Motors Diesel Power 


“More power, faster operation, less shifting in 
rough spots and on grades—and | save 60% in 


fuel costs,” says Edward E. Staack, who repow- = 
ered this tractor with a 3-cylinder GM Diesel. we 
Farming 1,300 acres near Denver, Colo., Mr. 
Staack reports his tractor now makes four rounds sae 
in an 80-acre field of heavy clay in the time it al 
used to make three. Fuel consumption averages y -2 
2.8 gallons per hour. eae 
com re ia : 
| = eee 
Extra power of a 4-cylinder GM Diesel on his : 
1200 g.p.m. pump enables Emmet Cabaniss of 
Maxeys, Ga., to irrigate 50% more pasture than 
he could with the gasoline engine it replaced. 
This trailer-mounted unit puts down an inch of 
water over three acres in an hour — protects crops 
against drouth—protects buildings against fire. 
Fourteen GM Diesel-powered meee ae 
sed to spray citrus groves of A am 
pee burndale, Fla. Since switching from gaso 
ey gone power, maintenance costs 35% 
| costs are down 0- 
oon ee si i h sprayer burns 
The 2-cylinder GM Diesel in eac oa 
2¥2 gallons of low-cost fuel per . : 
HEREVER you have heavy farm work to do, you'll find you 
Win get it done faster at lower cost with General Motors 4 
Diesel power. This Diesel is ruggedly built to withstand the pres- por 
sures of fuel-saving 16 to | compression ratio. Delivering power "hetambaisiaddasetoces” a 
at every piston downstroke, it’s more compact, smoother-running | DIESEL . 
and faster-accelerating under load. It starts at the push of a POWER : 


button, uses low-cost fuel. and gives you dependable, long-lived 


power with less servicing. On jobs like those above. a GM Diese! DETROIT DIESEL 4 
will quickly pay for itself in fuel and maintenance savings alone, ENGINE DIVISION . 
For further information, write for free booklet. “For the Business  Generat MoToRS : 


‘ DETROIT 28, MICHIGAN 
Man on the Farm. 


Single Engines..16 to 275H.P.« Multiple Units..Up to 840 H.P. 
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Help Farmers Increase Profits 
with These Concrete Improvements 


The above drawing shows 12 important farm 
improvements that agricultural engineers can 
design to help reduce work and increase pro- 
duction for their farm clients. Concrete im- 
provements soon pay for themselves, yet 
continue to return dividends year after year. 


Concrete is moderate in first cost, requires 
i ee minimum maintenance and gives a lifetime of 
Mas low-annual-cost service. Durable concrete re- 
NE sists damage from decay, termites, rats and 
storms. It reduces the ever present danger of 
disastrous farm fires. Concrete can't burn. 


Yes, you perform a real serv- 
ice when you design concrete 
farm improvements. 


INDEX To 
FARM IMPROVEMENTS 
ON DRAWING ABOVE 


1. HOG Houses 
2. CRIBS AND GRANARIES 
3. FEEDING FLOORS 
4. DAIRY BARNS 
5. MILK HOUSES 
6. SILOS 

7. PAVED BARNY ARDS 
8. POULTRY HOUSES 
9. MACHINE SHEDS 


FREE BOOKLETS on these im- 
provements will be sent on 
request. Distributed in the 
U.S. and Canada only. Ad- 

dress department A12-1. 


10. SEPTIC TANKS 
aie ang ah MEET Re SS lw 
"33 W. Grand Ave., Chicago 10, Ill. AIKS AND Rives 


A national organization to improve and extend the i2. : ONCRETE MASONRY 
uses of portland cement and concrete... through — ARM HOMES 


scientific research and enginanring field work 
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ASAE STANDARDS... RECOMMENDATIONS 
... CODES... DATA 


The American Society of Agricultural Engineers has in 
recent years developed and approved several items of reference 
material, indicated by the above heading, widely used by agri- 
cultural engineers, most of which is not available from other 
sources. This material is made available as printed separates. 
These separates are printed on tough, heavy paper stock and 
are punched for filing in 3-ring, loose-leaf binders. The Society 
also has in stock a quantity of Accopress binders made of a 
durable grade of black pressboard, specially provided for filing 
the separates for ready reference, and with the above heading 
imprinted in yellow letters for easy identification. The sepa- 
rates and Accopress binder can be purchased from the Society 
headquarters office at prices (postpaid) indicated below for 
each item. (Any ASAE member may purchase one copy of any 
separate—not the binder—listed below at one-half the pub- 
lished price.) Quotations on quantity orders of any separate 
will be furnished on request. 


(N.B. All separates listed below are to be included in the 
contents of the new 1954 Agricultural Engineers’ Yearbook to 
be issued annually hereafter by the Society. ) 


ASAE STANDARD: APPLICATION OF HyDRAULIC REMOTE CON- 
TROL TO FARM TRACTORS AND TRAILING-TYPE FARM 
IMPLEMENTS. Covers common mounting and clearance 
dimensions. Eight-page separate. Price per copy 40 cents. 

ASAE STANDARD: POWER TAKE-OFF FOR FARM TRACTORS, 
and ASAE RECOMMENDATION: OPERATING REQUIREMENTS 
FOR POWER TAKE-OFF Drives. The former specifies the 
essential dimensions of tractor components, while the latter 
deals with field service factors essential to successful per- 
formance of tractor and driven machines. Both included in 
one four-page separate. Price per copy, 30 cents. 


ASAE STANDARD: V-BELT DRIVES FOR FARM MACHINES. 
Covers application of V-belt, double V-belt, and adjustable- 
speed-belt drives to farm machines other than tractors. 
Eight-page separate. Price per copy, 25 cents. 

ASAE RECOMMENDATION: FARM TRACTOR AND IMPLEMENT 
Disk WHEELS. Features mainly provisions for inter- 
changeability in mounting of 20, 18, 16, 15, and 12-inch 
disk wheels. Eight-page separate. Price per copy, 40 cents. 

AMERICAN STANDARD (ROUND HEAD BOLTS): ROUND HEAD 
SHORT SQUARE NECK BOLT. Extract from an American 
Standard (ASA B18.5-1952) covering item known in the 
farm equipment industry as “short square carriage bolt.” 
One-page separate. Price per copy, 20 cents. 

ASAE STANDARD: HEADED DRILLED PINS. Intended to reduce 
the many varieties of headed drilled pins used by farm 
equipment manufacturers, and to encourage suppliers to 
stock the type adopted as standard. One-page separate. 
Price per copy, 20 cents. 

ASAE STANDARD: BALING WIRE FOR AUTOMATIC BALERS. 
Covers specification for annealed baling wire for auto- 
matic balers, furnished in 3150 and 6500-foot coils. One- 
page separate. Price per copy, 20 cents. 

ASAE STANDARD: SPECIFICATIONS FOR MARKING PLOW- 
SHARES AND OTHER SOILWORKING SHAPES. Covers speci- 
fications for identifying materials used in soilworking 
shapes. One-page separate. Price per copy, 20 cents. 

ASAE RECOMMENDATION: MINIMUM REQUIREMENTS FOR 
THE DESIGN, INSTALLATION AND PERFORMANCE OF 
SPRINKLER IRRIGATION EQUIPMENT. Covers basic require- 
ments for the successful operation of sprinkler irrigation 
systems. Two-page separate. Price per copy, 20 cents. 

ASAE Data: Crop Macuines Use Data. Covers draft and 
power requirements, Capacity, cost of use, etc. Eight-page 
separate. Price per copy, 40 cents. 


Accopress binder of tough pressboard for convenient filing of 
ASAE Standards, Data, and other separates listed above. 
Price each, 60 cents. (No discount to ASAE members. ) 


Address orders to 


AMERICAN SOCIETY oF AGRICULTURAL ENGINEERS 
ST. JOSEPH, MICHIGAN 


AGRICULTURAL ENGINEERING for December 1953 


sot 


ere? Ay Ye a wage ‘. S _ re arn ti Tae: ek ve ae 
on ti aa nears be | ue >, ae a Ri meet ge 
eee | aes Pea a ri ems a7 © We Oem | Bee 2 
ES Oe CRO San a ia aoe oa . > = 
ees rt e E & 
ear 
suai ON ON ele ee W e ¢ ae : 
a — 2 ap 
a i ae a , = & 
eee 4g Pron: er 9 , i he . \ : 
es y Uh es am (ett ie ; 
re. pee ©. ieee! mii 5 
Gate Wp Setar Ee ee es Hh |) . 
eer fe A> he hey ti de tat 9/7 ry hh a ; 
Satis ; “he Pow » . Pe i Hon ( f a -- ge EPS, 7 
Weal a ew se, , 
4 tate Te ai¥ i oie 
oe he ii | 4 @ } yee | 
A ie a ee TE 3 im 
ersee . v a : a ae : ee } 
ae aes i, 
Ee ; , 2 ORE Ren My Aa i 
pees os eeeearaga P f, a ure F 
. 2a 7 fj JT i , ay . 
ae ie te ay [Po Fee cy ai ’ i 
Bs, ws -, > | 
acting — eT at me > oi # : ; 
ae fe: +. am f & anel A ‘a Pi ag is = iF ‘ : . 
Se be 7 Sod 4 nal’ We 
seats Le. ; | yee 110) ae | Fi 
se : | See ae ; 
eo ' moat A " “7 B,.. ia i m nah i { x 
ae oOo —» p-— ca 
eam fee A sr, Pe ei 5 
ae fi) 6” dae Kee: i 
ay - £ 4 a S| Nbies >. { B= 
eae ay a a. ay 1 a 9 ae 4 
Ante Pa 2 - . Te ec Ry > tae —T 
tees ae é hi = Say , if L& = : 4 : 
Bisa. ey ‘ \ Oe ee. ae i: 
ey [met SEE Pe: 
let i] _ ali i 
ss mas : 
“at aes : 
Bars 
Pai, : 
ee 
i 2 
Sen tid 
ee | 
bit eee : 
} mee ti 
bets og : 
eS a i 
ass 
eile ; 
oe be | 
gs as 
Soe “3 iy 
Coo 
: ae 
eer : 
al iasdieiiiieeitiiin ee | 
a Noles 
ie = ee ; 
Ges a 
a eee , _ Le eee ee a ens | a 
Cae ee ae | eee eT Bot ae Te 5 aid ae 3 
SG ee enh me on ns = eisas Ae rid fis Reais ei 
ns AAS eect oe a) Reon) 5 eee ne Sharhse oy is Fs er + 
5 Ve eee ee a a4 he: a ae. ae ag 
Saad ss eye as ene or, De 4 oe | _& Fie) j o> me o 
Beg ee ey 7 | : te Re te 
OOS Sa lg Gt iar oe a ela a : ths a aoe, i Aah ae ” Se 


a full day’s work 


on half-a-day’s fuel! 


That's what an Oliver diesel tractor gives! 


Switching to economical Oliver diesel power 
is a logical step in paring farm operating costs 
to help offset market declines. For an Oliver 
diesel will work almost twice as long on the same 
amount of fuel—does just as much on 6 gallons 
as a gasoline tractor does on 10. 


Oliver, first to offer the American farmer a 
complete line of true diesels—from the 2-plow 


OLIVER 


“FINEST IN FARM MACHINERY’’ 


AGRICULTURAL ENGINEERING for December 1953 


“66” to the 4-5 plow “99""—was also first to 
provide these practical farm power advance- 
ments, now associated universally with real 
tractor modernity: 


...6-cylinder, overhead valve engine...six 
forward speeds...independently controlled power 
take-off, driven directly from the engine flywheel 
...rubber torsion spring seat...a convenient 
hydraulic system permitting depth control from 
the tractor seat. 


aad -_- oOo err ere le rr Oe Ce aeeeeeeeeeelc ole > _—_—_——_— oor arr > > ape 
| The OLIVER Corporation ravt2 | 
400 West Madison Street, Chicago 6, Illinois 
| Please seid me information on the famous Oliver diesel | 
| tractor fleet. ] 
| | 
| PG aouitwawk noes eoueee ows oA eek ee | 
| ( Please print) | 
| Post Office.......... eee ee cece cece cece cence eee eeees | 
| | 
J County... .. cece eeeeeeeeenne BR cpunnnseduns dees | 
| | 
| . | 
be ee ee 
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Farm equipment manufacturers: 


ARE YOU GETTING 
THE MOST FOR YOUR 
RADIATOR DOLLAR? - WHEELS ARE RIGHT 


Over 65 years in wheel manufacturing 
have given us the “know how"— 
modern production methods assure 
long life and efficient wheel 
performance in the field. 


There is an ELECTRIC spoke or 

disc wheel for most types of portable 
equipment. Axles are available 
where required. 


' 


Our experienced engineers are 
ready to assist you in solving your 
wheel and axle problems and 

— 1 qe il we will offer our recommendations upon 
Tractor Radiator | as an AHH te receipt of your specifications. 


Stomped Tank 
Sheet Metol 
Tractor Radiator 


ek ae 
Cee Sy. oa: -aaalts le _ 


~ Ta WRITE FOR CATALOG 
Stomped Tank & Aaeieey tee a aatareae , | 
Combine Foc: | ELECTRIC WHEEL CO. 


2811 CHERRY, QUINCY, ILL. 


wns 


See the newest Young design 

features before you decide 
There is something new in tractor and implement A Handsome, Permanent Binder 
radiators! Let us show you how Young engineer- 
ing, modern production machines, and careful for AGRICULTURAL ENGINEERING 
attention to details in manufacturing combine to $9.80 
produce radiators that are simpler in design, less One copy 2 


costly to make, and more efficient in performance. a = 9 mee 
| x of each 


This, we believe, explains the fact that more and 
more manufacturers of farm and industrial trac- 


"Tie ONLY binder that 


opens flat as a bound 


tors and self-propelled farm implements are turn. . 
ing to Young for their heat transfer requirements. P| - F book! Made of durable 


Be sure you are getting the best possible radiator ees imitation leather, nicely stamped on 
value. Send us your requirements, let us show you : _ front cover and backbone, with name 
our product, then compare our proposal. Inci- . of journal and year and volume num- 

ber, it will preserve your journals 
permanently. Each cover holds 12 issues (one volume). 
Do your own binding at home in a few minutes. 
car, truck, bus, aircraft and stationary engine Instructions easy to follow. Mail coupon for full 
applications. information, or binder on 10-day free trial. 


YOUNG RADIATOR COMPANY ccanmencancss MAIL COUPON TODAY —......— 
Dept.293-Me RACINE, WISCONSIN SUCKERT LOOSE-LEAF COVER CQ. 
Factories at Racine, Wisconsin and Mattoon, Illinois 234 West Larned Sc, Detroit, Mich. 


dentally, we can offer similar economies, includ- 


’ 


ing complete “packaged cooling,” in passenger 


Mail postpaid. : 2 binders for Agricultural 


Heat Transfer Products Be ad : 
for Automotive, Agricul- Engineering for years 


tural, Industrial, Gas and Will remit in 10 days or return binders collect. 
Diesel Engine Applications 


Heating, Cooling, Air Name 
Conditioning Products for © 
Home and Industry Address 


eS Soars ca a Soe he Se ; ea ee 
leaders in Heat Transfer Equipment for more than 25 years 
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“$57,000 Investors 


in Democracy 


Miibilly 


“In the most practical way possible—the regular purchase of U.S. Savings 
Bonds—millions of Americans are demonstrating complete confidence in our 
form of government. Investors in democracy, they are freely staking their 
personal security on a fundamental faith in the future of our nation. | am 
proud that today more than 57,000 Ford Motor Company employees are par- 
ticipating in the Payroll Savings Plan. Last year they bought bonds worth 
$25,000,000 at face value, and this year the total of their purchases will be 
even greater. Through their thrift they are helping to keep America strong.” 


Few investment groups are as important to America as 
the members of the Ford Payroll Savings Plan. They 
are important in size—57.000 men and women... 
important in buying power—they actually purchase 
25,000,000 in Savings Bonds every year... and very 
important to our economic stability—“through their 
thrift they are helping to keep America strong.” 

“Oh.” someone may say. “Ford is a big company and 
they do things in a big way. It’s easy for Ford to get 
thousands of people to sign up for the Payroll Savings 
Plan.” 

It was relatively easy for Ford, and it is easy for 
any company, large or small, to build a good Payroll 
Savings Plan if—(!) The head of the company recog- 
nizes the importance of the Payroll Savings Plan to 
the employees, the company, and the country; (2) /f 


he will show the same degree of personal interest that 
Mr. Ford takes in the Ford Payroll Savings Plan. 


If you would like to mateh Mr. Ford’s Payroll Sav- 
ings record — percentage-wise, of course —all you have 
to do is to see to it that a Payroll Savings Application 
Blank is placed in the hands of every man <nd woman 
in your company. It will help, of course. if you remind 
them. over your signature, that the Payroll Savings 
Plan is a safe and sure road to personal security. 

The Savings Bond Division, U.S. Treasury Depart- 
ment, Washington, D. C., is ready to provide all the 
help you need in the way of Application Blanks, liter- 
ature, and a complete outline of a simple. person-to- 
person canvass that will put an application blank in 
the hands of every one of your employees. Your em- 
ployees will do the rest. 


The United States Government does not pay for this advertising. The Treasury Department 
thanks, for their patriotic donation, the Advertising Council and 
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Farm Machinery Designers 


Graduate Engineers, Mechanical or Agri- 
cultural, with farm machinery background, 
that are interested in the design and devel- 
opment of Harvesting equipment. 


Openings in an expanding Engineering 
Department for all grades including recent 
Specific Irrigation Requirements graduates or those with years of experi- 


Endorsing fully the code adopted by the ASAE for portable ence. Opportunity for advancement for 
sprinkler irrigation installations, National Rain Bird Sales & . aa : 
Engineering Corp. began years ago to plan irrigation systems those who wish to eo oe 
to meet specific requirement.. These plans are worked out on 
the engineer's drafting board and are based on definite field 
information. 

When we say “Consult our Research and Planning Depart- Ideal Engineering facilities, located in a 
ment,” it means that qualified irrigation engineers give each a . 

requirement expert advice and plans that work. Remem- small city in the Midwest. 

ber, there's a Rain Bird Sprinkler to answer every irrigation 
problem. 


ization. 


Salaries commensurable with education, 
experience, and background. 


Address box number NI-53, c/o Agricul- 
BRINE SALS & CNGINCEAING Ui tural Engineering, St. Joseph, Michigan. 
| AZUSA, CALIFORNIA, + 
- RAINY SPRINKLER SALES 
en 1633 WEST LAKE ST., PEORIA 5, ILLINOIS 
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SEALED -FOR -LIFE 
NEW DEPARTURES 


Automatically 
Service-Free! 


You'll get the farmer’s busi- 
ness next year, too... if the 
equipment you sold him 
this year performs depend- 
ably without lost time for 
maintenance and_ repairs. 


That’s why so many manu- 
facturers of agricultural ma- 
chinery use New Departure 
Sealed ball bearings. For 
N-D Seals hold maintenance 
costs to absolute minimum 
. . . preserve original equip- 
ment alignment ... make 
compact, rugged designs 
possible. More than a 
quarter of a billion of these 
versatile bearings have been 
used in hundreds of applica- 
tions throughout industry. 


Talk to a New Departure 
application engineer. He'll 
gladly show what N-D Seals 
can do to make your equip- 
ment tops in the field. 
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EW DEPARTURE 
BALL BEARINGS 
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Farm equipment is more durable and dependable when 
designed with New Departure Sealed ball bearings. 
They carry all loads, require virtually no upkeep. 
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EVERY MAKE OF FARM TRACTOR HAS TIMKEN BEARINGS; MORE AND MORE IMPLEMENTS ARE USING THEM, Too! 


How Allis-Chalmers Mounts Hay Rake Caster 
Wheels to Take Increased Raking Speeds 


SMOOOIKrcs: = 


Indirectly Mounted 
Timken Bearings 


O make sure the caster wheels on its 
power-driven side delivery rake and 
tedder can take the heavy combination and 
sudden shock loads caused by increased rak- 
ing speeds, Allis-Chalmers engineers mount 
them on Timken" tapered roller bearings. 


Swivel Shaft Timken bearings’ tapered construction 
takes all the wheel’s radial, thrust and com- 
bination loads. And rollers and races are 
case-carburized, have tough cores to take 
the wheel’s sudden shock loads. 


Timken bearings keep housings and shafts 
concentric, making closures more effective 
—dirt and dust are kept out, lubricant kept in. 


Wheels rotate freely because Timken 
bearings’ true rolling motion and extremely 
smooth surface finish practically eliminate 

\ friction. 


\ By specifying Timken bearings, agricul- 
\ tural engineers solve three of their biggest 
‘ design problems: combination loads, dirt 
. and ease of operation. And Timken bearings 

‘assure implement users of longer imple- 
\ a ‘. ment life, fewer breakdowns, less frequent 
f A / lubrication, higher towing speeds. 


\ For more information on Timken bear- 
i ings, write for your free copy of “Tapered 
Roller Bearing Practice in Current Farm 
Machinery Applications’. The Timken 
Roller Bearing Company, Canton 6, Ohio. 
Cable address: “TIMROSCO”. 


Indirectly Mounted 
Timken Bearings 


The farmer's assurance 
of better design 


fopered | Roller 
TIMKEN “<> BEARING 
EQUIPPED 
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